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Species Index for Volumes I-V of the Compilation of Data Relevant to Gas
Lasers", September 1979. These six volumes, authored by E.W. McDaniel
and other personnel at Georgia Tech, Georgia State University, the Joint
Institute of Laboratory Astropnysics (JILA), and theArmy Missile Command
(MICOM), were published as MIRADCOM Technical Report H-78-1 at Redstone
Arsenal, Alabama.

Volumes I and 1I were prepared in the context of the two most-used
techniques for gas laser pumping: electrical discharges and high intensity
high energy electron and ion beams. Heavy emphasis was placed on the rare
gases and halogens (atoms, molecules, and ions), and the rare gas-halides,
although a significant amount of material on other species was i1ncluded.
Yolumes III, IV, and V contain much information relevant to e’ectrical
discharges and high intensity, high energy electron and ion beams, but are
oriented toward a third pumping technique: nuclear pumping. Since nuclear
reactions may also become fnteresting in some form of hybrid laser where the
excitation and ionization produced by the reaction products might be used to
su?ply electrons for an electrical discharge laser or an initiator for a
pulsed chemical Taser, or as an initiator and sustainer for a continuous wave
(CW) chemical laser; data relevant to these systems was also included.

The presert volumes serve to update most of the areas covered in the
previous documents. Those areas not treated here are considered to have
been adequately dealt with earlier, as far as immediate data needs are
concerned. However, even in those areas where new data are not presented
here, references are given to past volumes in order to facilitate access
to the previous data. Another function of the present work is to expand
somewhat the scope of our data coverage, both with respect to atomic and
molecular structural properties and with respect to atomic collisions.
New species and sets of collision partners that have recently assumed
importance are treated here, and other systems that may become important
in the gas laser contex are given attention. A significant amount of new
material is also added to the chapter on surface impact phenomena, partly
because of current interest in hollow-cathode lasers.
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PREFACE

This valume and the suceeding volume are the seventh and the eighth
in a series that presents data relevant to research and development in
the field of gas lasers. Volumes [ and II are entitled, "Compilation
of Data Relevant to Rare Gas-Rare Gas and Rare Gas-Monohalide Excimer
Lasers", December 1977. Volumes III, IV, and V comprise a "Compilation
of Data Relevant to Nuclear-Pumped Lasers", December 1978. Volume VI
provides a "Cumulative Reactant Species Index for Volumes I-V of the
Compilation of Data Relevant to Gas Lasers", September 1979. These six
volumes, authored by E.W. McDaniel and other personnel at Georgia Tech,
Georgia State University, the Joint Institute of Laboratory Astrophysics
(JILA), and the Army Missile Command (MICOM), were published as MIRADCOM
Technical Report H-78-1 at Redstone Arsenal, Alabama.

Volumes I and Il were prepared in the context of the two most-used
techniques for gas laser pumping: electrical discharges and high
intensity, high energy electron and ion beams. Heavy emphasis was
placed on the rare gases and halogens (atoms, molecules, and ions),
and on the rare gas-halides, although a significant amount of material
on other species was included. Volumes III, IV, and V contain much
information relevant to electrical discharges and high intensity,
high energy electron and ion beams, but are oriented toward a third
pumping technique: nuclear pumping. Since nuclear reactions may
also become interesting in some form of hybrid laser where the
excitation and ionization produced by the reaction products might
be used to supply electrons for an electrical discharge laser or
an initiator for a pulsed chemical laser, or as an initiator and
sustainer for a continuous wave (CW) chemical laser; data relevant to
these systems was also included.

|
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The present volumeQ serve: to update most of the areas covered in
the previous documents. Those areas not treated here are considered
to have been adequately)dealt with earlier, as far as immediate data
needs are concerned.cSuch area; ing&ude all nuclear processes, and
atomic collisions occurring at Phigh™-energies, i.e., above about
100 eV impact energy. However, even in those areas where new data
are not presented here, references are given to past volumes in order
to facilitate access to the previous data. Attention should also be
called to another document that may prove hsefu] to those requiring
.data--"Bibliography: Sources of Information on Phenomena of Interest
in Gas Laser Research and Development", Technical Report RH-77-1, by
E.W. McDaniel, H.W. E1lis, F.L. Eisele, and M.G. Thackston, January
1977, US Army Missile Command, Redstone Arsenal, Alabama. A second,
updated edition of this bibliography will be published early in 198].

SkAnother function of the present voiume is to expand somewhat the
scope of our data coverage, both with respect to atomic and molecular
structural properties and with respect to atomic collisions (by the




T Jatter term, we mean two- and three- body collisions between electrons,

ions, atoms, molecules, and photons at impact energies sufficiently
low that nuclear forces are unimportant). New species and sets of
collision partners that have recently assumed importance are treated
here, and other systems that may become impcrtant in the gas laser
context are given attention., A significant amount of new material
is also added tv the chapter on surface impact phenomena, partly
because of current interest in hollow-cathode lasers,

In conclusion, we wish to thank C.F. Barnett, former Divector of
the Controlled Fusion Atomic Data Center at the Oak Ridge National
Laboratory, and E.C. Beaty, Chief of the Information Center at JILA,
for their cooperation and the use of their facilities. In certain
areas, our work would have been immensely more difficult without their
assistance. Chapter D on photon collision processes in gases was put
together with the aid of several scientists. Particularly significant
were the contributions of Dr. Joseph Berkowitz, of Argonne National
Laboratory, whose book Photoabsorption, Photoionization, and Photoelectron

Spectroscopy (Academic Press, New York, 1979) provided us with a wealth
of references and critically evaluated data on atoms and molecules.

We gratefully acknowledge being allowed access to the manuscript prior
to publication, as well as Dr. Berkowitz providing us with a number of
large-size versions of figures from his book. In addition, we acknow-
Jedge the contributions of Professor C.E. Brion, of the University of
British Columbia, for providing us with a complete set of reprints,
spanning a decade, of his very extensive work on partial and total
cross sections of atoms and molecules. Also, the expert help of
Professor H.W. E11is, of Eckerd College, St Petersburg, Florida, on
the transport properties of electrons, ions, and neutrais in gases

is gratefully acknowledged.
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-16cm2)

Cross Section (10

Tabular and Graphical Data C-1.1.

Semi-empirical (average) cross sections

for elastic scattering of electrons in Ne.

Electron Cross Electron Cross
Energy Section Energy Section
eV 10 16cm2 ev 10-160p2
20 3.444 200 1.398
30 3.170 300 1.120
49 2.999 400 0.9003
50 3.030 500 0.7620
bu 2.912 700 0.6191
70 2.797 1000 0.4556
80 2.680 2000 0.2856
90 2.563 3000 0.2095
100 2,447  emmmmmeemmmmmemmemenan
150 1.735
Cont. Next Column
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Reference:

F. J. de Heer, R. H. J. Jansen, W. van der Kaay, J. Phys. B 12,

979 (1979).

Electron Energy (eV)
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Tabular and Graphical Data C-1.2. Semi-empirical (average) cross sections

for elastic scattering of electrons in Ar.

Electron Cross Electron Cross

Energy Section Energy Section
eV 10'160m2 eV 10-16,,2
20 20.70 200 3.201
30 13.95 300 2.467
LY] 9.510 400 2.116
50 7.743 500 1.886
60 6.799 750 1.493
70 6.147 1000 1,274
80 5.489 2000 0.8037
90 5.010 3000 0.5741 '
100 4,861 = ecececccmsmcmcccemso——a-
150 3.794

Cont. Next Column
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Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12, |

979 (1979).
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Tabular and Graphical Data C-1.3. Semi-empirical (average) cross sections

for elastic scattering of electrons in Kr.

tlectron Cross Electron Cross

snergy Section knergy Section
eV 10 10ep? eV 10~ 0enm
29 20.11 300 3.,1b4
30 13.74 Luo 2.721
4y 10.58 500 2.373
50 9,090 1000 1,699
100 6,169 2000 1.12€
150 4,591 3000 0.9u17
200 3,677 ememmmemcec—cceemce—mae-

Cont. Next Column
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Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.4. Semi-empirical (average) cross sections

for elastic scattering of electrons in Xe.

Electron Cross Electron Cross
Energy Section Energy Section
ev 10™ 1002 ev 107 16cm?
20 27.66 400 3.752
30 26.75 500 3.338
60 4,587 700 2.834
100 4,825 1000 2.395
150 4.385 2000 1.649
200 4b.724 3000 1.379
300 3,834  meemmemmcecmeemeamee

Cont. Next Column
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Y 3 s s gl z Lo s sl : PR
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Reference : F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,
979 (1979). '
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Tabular Data C-1. 5, Cross sections for elastic scattering

for electrons incident on Hg.

Electron
Energy

Reference: K. Jost, and B. Ohnemus, Phys. Rev. A 19,

611 (1979).
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Tabular and Graphical Data C-1.6. Semi-empirical total scattering cross sections
for electrons incident on Ne.
EIect;;; Cross Electron E;oss
Lnergy Section Energy Section
ev 10"1"’cm2 eV 10'160n2
2U 3,44y 200 2.234
3u 3.300 300 1.854
40 3.377 4yu 1.544
50 3.548 500 1.336
60 3.540 700 1.08y
70 3.5006 1000 0.8236
30 3.439 2000 0.4979
1Y 3.360 3000 0.3632 .
100 3.2b5 eeemmemeee wememcecem——ae
150 2.590
Cont. Next Column
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Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.7. Semi-empirical total scattering cross

sections for electrons incident on Ar.

Electron Cross Electron Cross
tnergy Section Energy Section
eV 10-16¢em2 eV 10-100p2
20 21.92 150 6.931
30 16.33 200 5.961
40 12.76 300 4.707
50 11.15 400 3.996
b0 10.25 500 3.503
70 9.700 1000 2.229
80 9.003 2000 1.350
90 8.538 3000 0.9717
. 100 8.278 ——meme—— B et

Cont. Next Column

* 25
X
2@
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£ X
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=
<
[~ X
o
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X
x X
i . s s s e aeal "I N Y S i | lll_ 1 L1
10 160 1606
) Electron Energy (eV)
. Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,

979 (1979).
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Tabular and Graphical Data C-1.8. Semi-empirical total scattering cross

sections for electrons incident on Kr.

- 2 o o - 0 - -

Electron Cross Electron Cross
Energy Section Energy Section
eV 10~ 16¢n? eV 10-16cn2
20 22.00 300 6.096
30 17 .42 400 5.234
40 14.92 500 4.497
50 13.64 1000 3.050
100 10.71 2000 1.912
150 8.684 3000 1.517
200 7.298 ==e=~weeececeeccoooee-o-o

Cont. Next Column
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e
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1 IR B 0 ey aaaal A L
%o 100 1000
Electron Energy (eV)
‘ '
Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B. 12,
979 (1979).
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Tabular and Graphical Data C-1.9. Semi-empirical total scattering cross

Cross Section (10-16cm2)

sections for electrons incident on, Xe.

Electron Cross Electron Cross

Energy Section Energy Section
ev 10-16cn? e\ 10~ 16cm2
20 30.86 400 7.158
30 32.01 500 6.261
60 10.32 700 5.153
100 10.67 1000 4.167
150 9.944 2000 2.686
200 9.588 3000 2.132
300 T.785 = cccccccccmcemcccccaanwa=

Cont. Next Column

40

2af-
151

10}~ x Xk,

qo —d ' 4 llllll [} [l [ LlLlJl i 't " ]

100 ioo8
Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,
979 (1979).
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Cross Section (10-16cm2)

Tabular and Graphical Data C-1.10. Cross sections for total scattering of

electrons incident on Hg.

klectron ) Cr;ss B Electron Cross Elect;;n ..... E;t-);;-"
tnergy Section Energy Section Energy Jection
eV 10=9¢n eV 10=10¢cq? eV 10 Wen?
J.10 153 4,0 3.6 40 21.5
Je2u 189 5.0 53.6 50 21
V. 3u 246 b.U 43.9 [¢3V] 19.8
U.4u 20% 7.0 35.6 70 17.9
U.hu 201 8.0 3V.9 80 17.5
J.bu 240 Y.J 27.9 100 16.5
veTu 228 1u.U 25,2 200 1.1 ,
v.8u 213 1 24,3 300 8.76
J.yu 197 12 22.2 400 6.75
{INVIY] 184 19 19.5 50u 5.80 [
2.V 1y 20 13,8 2 cacecccecccccccacvocae=a~
3.0 411 30 21.9
Cont. wnext Column Cont. Next Column
[
X x
x x“
3 x %
k
x
100
t X
. x
- x ,
B x
x
I Tag
%X X x
X x x
[ xx
n
10@ .
™ x
B )
-
. |
+ A . IJLI 1 A - | IllJ L W . | lllLJ L 1 1 1
a.t 1 10 160
Electron Energy (eV)
.

Reference: K. Jost and B. Ohnemus, Phys. Rev. A 19 611 (1979).
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Tabular and Graphical Data C-1.11. Calculated cross sections for total

scattering of electrons incident on €o,.

Electron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section
eV 10" 0cm? eV 10~ 10cn? eV 107 16¢cn2
u. 10 120 3.37 33.6 17.0 14,2
0.127 105 3.42 33.4 18.5 14.1
V. 164 91.2 3.47 32.2 21.0 13.9
J.222 76.8 3.60 28.5 23.9 13.7
0.291 0.7 3.66 25.2 25.5 13.5
v. 380 50.6 3.83 21.5 27.0 13.4
U.50% 38.8 3.94 18.8 27.8 13.6
U.67H 29.0 4,02 16.7 28.3 13.9
. 0.841 23.3 4,22 14.5 28.7 14,2
1.10 17.4 4,47 12.8 29.3 14,4
1.38 13.8 4,73 1.7 29.9 4.1
1.69 11,1 4.95 1.1 30.6 13.7
1.97 9.70 5.19 10.9 31.4 13.3
2.13 9.17 5.52 10.8 34.2 12.7
2.26 8.97 5.93 10.9 39.2 12.1
. 2.30 §.48 6.45 11.2 47.6 11.2
2.91 9.23 T.47 11.8 54.6 10.6
2.6k 9,83 8.34 12.1 65.7 9.82
2.79 12.1 9.37 12.3 78.2 9.24
2.92 14.9 10.8 12.4 98.1 8.58
3.U5 19,4 11.8 12,3 eme--- B et
3.13 24.0 12.3 12.5
3.19 28.3 13.3 12.9
3.24 30.9 14.2 13.3
3.20 32.3 15.1 13.7
3.0 33.1 16.0 14.0

Cont., Next Column

Cont. Next Column

wo+_—" x
- x
X x
- X
N; ™ 3 .
Su o x &
N 's ] x X
s 1 x %
e x X
° » ali
T ‘x x %..“'*'xxw x"x
1Y)
& lab Koot *x X
@ p
4 L
L] o -
X
] L
-
o
[
A a2 o s aaal A5 19 g1l i b i 0 L 222}
d.1 1 10 100

Reference: M. G. Lynch, D. Dill, J. Siegel, and J. L. Dehmer, J. Chem. Phys. 71, 4249 (1979).

Electron Energy (eV)
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Tabular and Graphical Data C-1.12. Calculated cross sections for total

scattering of electrons incident on OCS.

Electron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section
eV 10™'6cp2 ev 10-16om2 ev 10=16em?
0.0739 304 0.718 55.4 4,56 31.8
0.108 228 0.743 43.3 5.25 29.9
0.148 174 0.758 36.4 6.00 29.0
0.215 119 0.788 31.3 T7.47 29.4
0.259 97.5 0.881 24.2 8.55 30.3
U.321 75.6 0.976 21.7 9.76 31.3
0.388 60.1 1.09 19.9 1.9 31.3
0,482 46.3 1.18 18.7 1.7 30.5
0.537 40.6 1.28 18.1 12.7 30.6
0.569 38.7 1.43 17.8 15.5 28.4
0.605 38.4 1.64 18.9 20.7 25.2
0.640 39.3 1.98 22.7 25.4 23.5
0.674 46.0 2.26 26.3 31.7 21.7
0.691 62.9 2.58 30.3 39.4 19.4
0.701 82.2 2,87 33.4 56.9 16.4
0,701 94.2 3.10 35.6 74.9 14.8
0.702 104 3.33 36.7 87.3 13.9
0.708 81.0 3.61 36.4 96.6 13.3
0.718 66.5 4,01 34,6 = ememmmececcmaccmcececea
Cont.-ﬁext Column ) Cont. Next Column
B
X
3
x
100 x ]
o x x
& I~ X %
05 i X Xy
S o x 2000
= - x ¥ Xxx xXX%0C
~ xx x x x x .
§ i Faex x % x
- %
(% lo._
@ [
a "
ol -
U -
-
T N S E W N | % v el i Lol 13§
d.1 1 19 100

Electron Energy (eV)

Reference: M. G. Lynch, D. Dill, J. Siegel, and J. L. Dehmer, J. Chem. Phys. 71,

4249 (1979).
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Tabular and Graphical Data C-1.13. Calculated cross sections for total l,
scattering of electrons incident on CSZ'
Electron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section
eV ‘10'16cm2 eV 10'16cm2 ev 10'”’¢:m2
_---0.170 143 1.24 66.7 6.87 35:5-
0.213 112 1.28 59.3 8.04 38.2
0.272 87.1 1.31 52.3 9.59 38.9
0.316 73.7 1.34 48.3 1.7 39.8
0.373 62.8 1.36 43.6 12.7 40.0
0. 441 52.4 1.39 39.8 15.2 38.2
0.502 45.5 1.44 36. 17.3 36.9
0.581 39.4 1.50 33.7 19.3 35.8
0.662 35.5 1.57 32.1 21.8 33.4
a.717 34.0 1.63 31.4 23.5 32.0
0.758 33.4 1.71 31.0 24, 29.9
0.817 33.5 1.83 31.0 26.2 28.
0.858 34.0 2.01 32.1 31.5 26.3
a.907 35.0 2.32 33.8 38.6 23.1
0.958 37.7 2.70 34.4 46.3 20.2
1.06 47.7 3.23 34.5 55.7 17.7
1.09 53.9 3.80 34.6 72.4 16.2
1.12 59.8 4,28 34,6 82.8 15.5
1.14 64.0 4,76 35.1 96.6 14.3
1.17 66.3 5.17 36,6 = oecmeemccdameccmmmmmeao
1.19 69.6 5.60 38.1
1.21 69.9 6.05 38.6
Cont. Next Column Cont. Next Column
x !
x
war-
: X
. X
- x *
[ RN
~ X
~ x WX X R XN x 0
E % x
i Xgontl ’g‘ o XX X XX e
— x
00 L x
~ X
~ x
X
§ X
ol
Es]
(4]
s 10
a [
° o
s =3
-
-
i
1 ¢ 1 g s g3l ¢ ¢t g ezl 1 L4 3 2 222
4.1 10 100
Electron Energy (eV)
Reference: M. G. Lynch, D. Dill, J. Siegel, and J. L. Dehmer, J. Chem. Phys. 71, y
4249 (1979). ‘
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Tabular and Graphical Data C-1.14. Cross sections for total scattering of

electrons incident on CHA.

(0 - 2 eV)
“Electron  Cross Electron Cross
Energy Section Energy Section
eV 10'16cm2 eV 10"6cm2
0.036 1.98 0.91 1.49
0.073 1.52 1.1 1.85
0.12 0.651 1.4 2.45
0.16 0.397 1.7 3.16
0.22 0.282 2.0 3.95
0.24 0.318 2.5 5.08
0.33 0.443 2.7 5.77
.44 0.610 ~=m=-= S
v.59 0.842 '
0.74 1.14
Cont. Next Column
8r— — [
? -
6
N x
o~
&
\DU
O] = x
©
—
g
g A x
o
]
152}
© X
2 3
L7
O
X
2 x
x X
x
i X
x x
x x
x 1 .
% 1 2 3
Electron Energy (eV) ‘

-

Reference: E. Barbarito, M. Basta, M. Calicchio, and G. Tessari, J. Chem. Phys. 71, 54 (1979).
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Tabular and Graphical Data C-1.15. Cross sections for total scattering of

electrons incident on CHA.

(0 - 16 eV)
Electron Cross “Electron Cross
Energy Section Energy Section
eV 10'160m2 eV 10=16cm2
0,081 1.9 5.2 13
0.090 1.1 6.2 16
0.15 0.64 7.1 17
0.29 0.55 7.9 17
0.58 0.92 8.9 17
1.1 1.8 11 16
1.5 2.7 13 15
2.4 4.6 ) 14
» 3.4 6.8 16 13
4.2 9.5 = —eemmmeseceeceecenecenoo
Cont. Next Column
20
184
3 X
X x
16
X x
X
1l |
~ X
§
A ¥4
|O
<
4]
g 1 - N
wd
g -
g 8
A x
5 6
x
4
X
2 x
x
i it i I L 1 ] 1
% 2 3 6 8 ) T2 14 16
* Electron Energy (eV)

Reference: E. Barbarito, M. Basta, M. Calicchio, G. Tessari, J. Chem. Phys 71, 54 (1979).
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Tabular and Graphical Data C~1.16. Cross sections for total scattering of

electrons incident on SF6.

........................................................... -

Electron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section
eV 10~ 16002 eV 10~ 16¢p2 eV 10-16cm?
""" 0.508  36.8 531 21.5 12.5 29.8
0.528 36.5 4,67 21.9 12.8 28.6
0.545 36.1 4,93 22.3 13.0 27.3
0.558 35.6 5.18 22.9 13.4 25.8
0.580 34.4 5.46 23.8 13.7 25.2
0.597 33.5 5.77 25.2 14,2 25.0
0.640 32.0 5.99 26.4 14.8 24.9
0.665 30.9 6.12 27 .4 15.4 24.9
0.708 29.4 6.39 28.5 16.4 25.1
0.743 28.5 6.59 29.0 17.5 25.3
0.7717 27.7 6.76 29.2 18. 25.7
0.815 26.7 6.86 29.3 21.4 26.4
0.886 25.4 7.10 29.3 23.3 27.0
0.948 24.5 7.32 29.2 25. 27.6
1.01 23.6 7.66 28.8 26.3 27.8
1.10 22.6 7.96 28.3 28.1 27.9
1.17 22.2 8.26 27.7 30.2 28.0
1.24 22.0 8.58 26.9 33.2 28.0
1.35 21.7 8.91 26.3 37. 27.9
1.46 21.5 9.27 26.1 42.0 27.9
1.54 21.5 9.49 26.0 47.0 27.7
1.62 21.5 9.78 26.0 53.2 27.6
1.81 21.7 10.1 26.1 56.1 27.4
1.98 22.0 10.4 26.4 59.7 27.1
2.16 22.3 1.0 27.4 63.8 26.5
2.33 22.5 11.2 28.1 67.5 26.0
2.49 22.6 11.5 29.9 T1.4 25.6
2.73 22.6 11.6 30.8 T7.7 24.9
2.90 22.5 11.6 31.1 83.7 24.2
3.14 22.3 1m.7 31.2 91.4 23.5
3.36 22.1 11.8 31.3 100 22.8
3.70 21.8 12.0 31,2 = eemmmcemmeecmmcdaaoo
3.98 21.6 12.2 30.8
Cont. Next Coiumn Cont. Next Column
38
3
3612
~~ x
o 34f-
5 x
o
—4
'g 32t x
5 * &
- 30 Xx
S x 2
Y X
w0 29 X x % x X % x
7] 1+ ¢ X x
3 I— x x ‘; X x ,"‘x %,
- x
(&} '3 x 3
261 x k" x " xx
« x Kgoolt x
X
241 x x x
X 200 Moty x
22 % x Ky, x
mex £.3%3
22l 1 N [ A A | N A [ AN
20 i 10 100

Electron Energy (eV)

Reference: R. E. Kennerly, R. A. Bonham, and M. McMillan, J. Chem. Phys. 70, 2039 (1979).
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Tabular and Graphical Data C-2.1 . Semi-empirical cross sections € r electron

impact excitation of Ne.

Electron Cress Electron Cross
Lnergy Section Energy Section
eV 107 16cn? eV 10-10¢n2
sU U.1uos 400 0.08311
4y J. 1354 500 0.07110
50 U,1594 00U U.06236
LU 0.1704 700 0.05545
Ty 0. 1704 BOU G.05049
ou v. 1600 4o 0. 046106
Ju U, 1610 1000 U.0u262
10u 0.1594 2000 0.024b5
150 v. 1407 3000 0.017y6
2uy U.1309 4000 0.01421
3VU 0.1011  mecsemmmermmmmccccccca e
Cont., HNext Column
g,z
8. 18
xX X
o, 18- x Xye
~
& G 14 x
~ xX
! X
=2
~ 9,12
[
c
o
o 8,1 x x
{
w
0
¢ 0.05- x
© x
d.8e- x
x
X
. x
g, 84 x
- x
8.8z
2. x
q_ Il [ A I I | 1 1 ol 1 :
1] 180 1686

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B

979 (1979).
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Tabular and Graphical Data C-2.2.

Semi-empirical cross sections for electron

impact excitation of Ar,
wlectron Cross Llectron Cross
cnerygy Section Lnerygy seetion
oV 1u'1“cm3 eV 1u=Tepe
24 VI TVINEY 40y Ue 3524
U u.Tdlp oGy Jedteu
4y v.Tosd Uy Ueclind
Hu J.T701 Tuu Vez 1y
bu UaTHhy 30U (R PR
7¢ J.T3T3 Juu G lsuy
oy v.7141 Tuud veltty
40 J.T0o2 2UJu Ueuduss
’ Tuu UL Tuuy 3Uuy U.ubiy1y
15u UL bty 4Uuv Uaulnd
20U NIOXYES e mmmcm i —————
30u Johduos
* cont. dext Colunn
1
|
! @18’— x
X
)
" T
N x
: e Xx
' 0
} —~ x
i ]
= B.6l-
jo
c
S X
oy x
i)
o
{ U
n
:2 gl4_ x
o
j»
© x
X
: X
M
8.2 *x
V4
"x
X
Xoox
4 [ ‘ ¢ ¢t ¢ eeed ; o0 s 3l 3 1
14 160 1056

979 (1979).

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,
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Tabular and Graphical Data C-2.3. Semi-empirical cross sections for electron

impact excitation of Kr.

tlectron Cross Llectromn Cross
mnergy Lection wneryy Section
eV 1o 0en® eV 10 en?
U J.feo 400 U.398
MY U0l 50U U.330
40 1,00V 60V 0.291
1Y J.917 700 V.25
ou vegdy olU 0.230
(Y] u.927 Yyuu u.213
sy U.yut7 1000 0.19Yy
B U.oyd 20U0 0.112
tou v.oie 3060 0.0812
150 u.Tho Houo 0.Ub38
20V U.b22 mmemmmmeemcccese-acoo----
300 V. 47y

cont. iiext Colunmn

!I;::
t -
i x x X
x x
x
Xy
& -
(EJ B.Sh_
- x x
(=)
—t
[=3 X
S B.¢
=]
9]
U
wy
” X
3
5 g, 34— x
X
]
’(!
8.2}~ *x
X
X x
q 1 L1 13 1l 1 1o v el $ PR .
g 169 1950

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,
979 (1979).
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Tabular and Graphical Data C-2.4. 3emi-empirical cross sections for electron

impact excitation of Xe.

Electron Cross Electron Cross
Energy Section Energy Section
eV 10'16cm2 eV 10=16¢em2
20 0.840 400 0.465
30 1.34 500 0.395
40 1.32 600 0.34Y
50 1.27 700 0.302
60 1.23 800 0.277
70 1.21 900 0.252
80 1.18 1000 0.231
90 1,16 2000 0.132
100 1.13 3000 0.0952
150 0.924 4000 0.0745
200 0.770 ==-emescceccceccccna——-
300 0.568

Cont. Next Column

1.4

1.2" xx

Cross Section (10'16cm2)

0.2~

‘i 3 s 1 5 ¢ 13l 1 s 4 11221 ) 1 2
Yo 100 1800

Electron Energy (eV)

Reference: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12,
979 (1979).
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Tabular Data C-2.5. Cross sections for electron-

impact excitation of Hg

Electron Cross

Energy Section
eV 107 16¢p2
300 1.32
400 1.06
500 90

Reference: K. Jost and B. Ohnemus, Phys. Rev A 19,
611, (1979).

Tabular Data C-2.6. Cross Section for electron-

impact excitation of Hg atoms to the 6 3P1 state.

Electron Cross
Energy Section
B -\ S 10 8en?
50 434 + .04

Reference: R. D. Kaul, J. Opt. Soc. Am. 69, 150 (1979).
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Tabular and Graphical Data C-2.7. Cross sections for electron-impact excitation
of He atoms to high-Rydberg states.

*k
e + He + He

Electron Cross Electron Cross Electron Cross

Energy Section Energy Section Energy Section
eV 10~ 1602 eV 10=16cm2 ev 10-16cm2
24 0.010 73 0.68 200 0.50
27 0.030 82 0.68 210 0.49
27 0.067 90 0.67 220 0.46
28 0.33 99 0.67 240 0.44
29 0.53 110 0.65 260 0.44
29 0.57 120 0.62 270 0.u42
32 0.60 130 0.61 280 0.41
39 0.63 140 0.59 290 0.40

. 48 0.66 150 0.57 300 0.38

55 0.68 170 0.58 = ecomccemceeiccrecccaoaa
64 0.69 190 0.52

Cont. Next Column Cont. Next Column

i
*%k
e + He » He
0.8
“‘5 XXX %,
° x *x
) X
_— x
S E‘-b"" x x
~ } 4 x
§ x * x
; X x
3} X
& X ox
o R, 41 x x |
@
[o]
-
[8] X
8.2}
. x
x
; ., 1 i 1 1 ]
4 50 150 156 EIT) 250 300

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20, 71 (1979).
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Tabular and Graphical Data C-2.8. Cross seciions for electron-impact excitation

of Ne atoms to high-Rydberg states

*k
e + Ne + Ne '

Electron Cross Electro Cross .
Energy Section Euergy Section :
eV 107 10¢0m? ev 10~ "6cp2 :‘
17 0.0031 160 0.49
22 0.020 180 0.45
23 0.0%58 220 0.41
25 Q.32 250 0.37
30 0.50 270 0.35
38 0.61 300 0.33
45 0,66 2 cwececrceccccccecccanaaa
57 0.67
68 0.67
84 0.64
100 J.61
120 0.56
Cont, Next Column

Reference J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20, 71 (1979).

Electron Energy (eV)
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*k
e + Ne » Ne
[N 9L
o f
g
© x X X ‘
— X
2 G x x
x l
5 :
-
5 x x ;
& x !
- x }
s W,4F '
w -
»
0
o x x |
. 0.z}
x
- L ] 1 1 | 1
&) 56 109 150 Z00 Z50 104




Tabular and Graphical Data C-2.9. Cross sections for electron-impact excitation

of Ar atoms to high-Rydberg states.

wk
e + Ar + Ar

Electron Cross Electron Cross
Energy Section Energy Section

eV 107 10cm? eV 10=10¢p2
17 0,077 88 1.6
18 0.68 100 1.5
19 2.9 130 1.3
20 4,0 170 1.1
22 4.6 210 0.92
25 5.0 250 0.78
29 5.2 290 0.70
35 4.8 300 0.69
39 4.0 = cecscmcmcmcmcmccaiccaaa
49 2.6
58 2.1
71 1.9

Cont. Next Column

(T,

*k
e + Ar + Ar

n
T
x

Cross Section (10-16cm2)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys.
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Rev A 20, 71 (1979).

i
x
x
2l
< x
x
x
x
x
N 1 X
x x x
i x I } 1 1 1 1
b S0 106 150 205 254 704
. Electron Energy (eV)

- —— ———— ¢ e —— —— — .




Tabular and Graphical Data C-2.10.

Cross sections for electron-impact excitation
of Kr atoms to high-Rydberg states

ko
e + Kr + Kr

Electron Cross Electron Cross
Energy Section Energy Section
ev 10=16cp? ev 10-10cn2
16 0.096 120 1.8
17 1.6 150 1.6
17 3.2 170 1.4
18 3.8 190 1.4
19 4.3 220 1.2
25 4.4 260 1.1
32 4,0 280 1.1
40 3.2 300 0.98
54 2.7 = etccmceescecacccccsmeeaa
1] 2.4
82 2.2
100 2.0
Cont. Next Column

X *
* e + Kr + Kr *
4~ %
x
& x x
E
34l
O
—
lo x
—
~ x
g x
S L
¢ oef x
g X
x ok
¥ x
© x
x
-~ x W
alx L | 1 ! |
Y 50 TG Te5 EoTY 350 700
Electron Energy (eV)
Reference: J. A, Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20, 71 (1979).
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Tabular and Graphical Data C-2.1!.

Cross sectioas for electron-impact excitation
of Xe atoms to high-Rydberg states.

*
e+Xe»Xe*

Electron Cross Electron - Cross
Energy Section Energy Section
eV 10’16cm‘ eV 10~16cm2
no 0 91 4.9
14 0.46 100 4.7
14 4.5 120 4.4
15 8.0 140 4.1
15 10 160 3.8
18 1 190 3.5
24 9.6 220 3.3
29 7.6 240 3.0
. 33 6.2 280 2.7
44 5.7 300 2.4
61 5.6 memmemccmmmecem—eem—m———
78 5.1
Cont. Nex;. Column
12
x
IBL—" e + Xe » Xe'"
x
Ng t’ x
© x
-t
lO
—
. ¢
e &P
2 x
e x
A ol
@« x X
o | x
g’ x
[ 3
x X
“ %
- b
2+
x
1 | 1 1 1
% ) 100 150 280 250 300
Electron Energy (eV)
Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, Phys. Rev. A 20, 71 (1979).
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Tabular and Graphical Data C-2.12. Cross sections for v = 0 » 1

vibrational excitation in CO by electron impact.

Integral cross section Momentum~transfer cross section
tlectron Cross Electron Cross
Lnergy Section Energy Section

eV 10-Yen? eV 10" "em¢
3.4 365 3.0 300
5.0 104 Heu 8Y.u
ERS el ERY s
20 96.7 2y Y34
3u 20.b su 13
50 7.57 Hu 7.7
] 5.42 [ 4,1
Tug 7.03 Tuu (231

1860

T l]ll‘

X Intepral

+ Momentum Transfer

B
+ X

100

lYI!ll

A

T

f
+
»

10
C ® i
K x
+
-
1 1 1 L
b 20 a0 €0 A0 on .
Electron Energy (¢
|
Reference A Chuatijian and H Tanaka, 1. Phys o1y, 1901 ¢ 14s0y
JU26
[
- L]
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Tabular and Graphical Data €-2 13 Rate Coefficicents

for electron impact depopulation of excited states of

130

E

r

o

-
B -
i

z 8
P N

He as a function of principal quantum number.

Guantum kate
Number Caoef
10 em  see
o] 1,46
B} o.87
1y .10
11 7,86
T 1.0
14 1.4
T4 Thay
\EY o1
14 Jhad
17 1<
X
x
x
x X

NHeterenot

s ]
—
2

-
ror—
-

2N

—
<
—
L8
—
w0

ant um Numher

b Devar | Roulmer. 1 -F Delpech. ] Phvsique (Paris) 40, 215 (1979),

S




——— - -

Rate Coefficient (10-4cm3/sec)

Tabular and Graphical Data C-2.14. Rate coefficients
for electron-impact depopulation of He(n=10) as a

function of electron temperature.

Temperature Rate
Coef
°K 10_¢cm3/sec
394 i 0.516
500 0.532
596 0.677
714 0.770
906 0.913
1120 1.15
1310 1.19
1590 1.40
1920 1.32
2320 1.38
o
b
x x x
x X
{
g X
i x
i x
r-
I . x
L
-
0 A i 1 [ WO S S U | A
1h8 {060

Electron Temperature (OK)

Reference: F. Devos, J. Boulmer, and J. ~F. Delpech, J.
215 (1979).
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Tabular and Graphical Data C-2.15.

Calculated cross sections for electron-

impact deexcitation of excimer states of KrF

e + KrF(B) + KrF(X)

e + KrF(D) + KrF(X)

Electron Cross Electron Cross
Energy Section Energy Section
eV 10'16cn2 ev 107 "6¢em2
----- 6.12 9.70 0.10 5.1
0,42 6.37 0.18 3.87
1.1 4,37 0,39 2.40
1.9 3.47 1.0 1.59
2.5 3.19 1.7 1.19
5.0 2.76 2.6 1.02
7.5 2.49 5.0 0.865
10.0 2.26 7.6 0.778
13 2.07 10,0 0.696
15 1.86 12 0.614
1E1r—————
[ x
2
P x
i X . B - X
X X
5} x
= b,
In +
b
~ +
£ 1 - +
o
z F + D - X
9 +
@ B +
w B .
@
A
(&) b=
1 |
0. 4 G T Is

Electron ENergy (eV)

Reference: A. U.

Hazi, T.N. Rescigno, and A. E. Orel, Appl. Phys.

Lett. 35, 477 (1979).
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Tabular and Graphical Data C-2.16.

impact deexcitation of excimer states of Kri.

¢ + KrF(C) » KrF(a)

(V8 gr st

Elevtron

e + KrF(D) » KrF(A)

lectron

Calculated cross section for electron-

e + KrF(B) » KrF(A)

rlectron

bnergy Section Energy Section Encray
ey 1 eV 10'1ocmg
S Vo7 [VRIVIVE B! U.961 0.041 [SE RN
PRI e JuooT U.bbs U.50 J.34%y
oA 1.3 S Y 1.3 U.754
Rl doh u.18Y 2.5 S8
3.7 U.lbb 5.0 G5By
Je 34D 5.0 [ BT} 7.5 e VAL
337 loh 0.143 10.0 Uulet
. 305 1y [V P 12 FR R
LRI ST 14 Golod 15 FRR VI
G 14 BT 1 R
{4 "
L
-
-
-
I
r—
KE i
NS K
put
1
<
.l X
s Iy
- _x
us - x
tJ"
A "+ x
bl
8] o X
c -
© x . A
B x
* x )]
[~ *
* D - A .
B - A 3 3
| i
i, =
) }1 5 19 15
Electron ENerpy (o)
Reference AU Hazi, Rescigno, and A. kK. Orel, Appl s et 35,
477 (1979).
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Tabular and Graphical Data ¢-2.17. Calculated cross sections for electron-

impact deexcitation of excimer states af XeF

477 (1979) .

e+ XeF(B)Y » XeF(X) e + XeF(D) » XeF(X)
Snetren TR T Electron Cross
Energy Section Energy Section
eV 10" Wen® eV 10710
U.00068 59.9 0,00010 16.7
u.l1 25.9 0.09% 10.3
0.33 16.9 0.28 6.01
v.75 12.2 .66 u,26
1.4 3.30 1.4 3,10
2.5 T.95 2.5 2.46
5.0 0.39 5.0 2.06
7.0 5.37 T.6 1.83
10 4.78 10 1.67
13 4.25 13 1.55
15 3.92 15 1,46
{50
k-
.
L
."l’\ x
£
St
i L X
<
= x
g qop
- = x
(ol - x
<
1%2]
B - X
© L x
"l
°© L. X
S x
() L— + x
»
L +
+ . «
R + -
+
+
+
4
1‘_ } 1
) ¥ 14 1~
Electron ENergy (eV)
Reference: A, U Hazi, T. N Rescipno, and A. E. Orel, Appl. Phys. Lett. 35,
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Tabular and Graphical Data C-2.18.

impact deexcitation of excimer states of XeF

e + XeF(C) + XeF(A)

e + XeF(D) + XeF(A)

Calculated cross sections for electron-

e + XeF(B) + XeF(A)

“Electron  Cross “Electron “Cross ) “Electron “Cross -
Energy Section Energy Section Energy Section
eV 0'16cm2 eV 10-16cp2 eV 10=16¢n2
i} 6.033 15.2 0.027 3.14 0.043 2.95
0.17 7.72 0.17 1.72 0.17 1.69
0.49 4.50 0.36 1.25 0.49 1.10
0.92 3.37 0.98 0.823 1.2 0.722
1.6 2.63 1.7 0.652 2.0 0.604
2.5 2.29 2.5 0.590 2.5 0.568
5.0 1.70 5.0 0,492 5.0 0,436
7.6 1.35 7.6 o.u421 7.6 0.355
10 1.16 10 0.377 10 0.301
13 1.03 13 0.349 13 0.267
15 0.931 15 0.321 15 0.242
k
1€1r:-
[ x
o~ xX
3]
o x
"I‘ x
. L
< x C-aA
5 |- *
o 1 - x
[ N b,
n - "0
5 teo D-A
¢ ¢ )
o +
&} i ° .
° +
r
- B -~ A
4
1
6.} 5 To Is
Electron Energy (eV)
Reference: A, U. Hazi, T. N. Rescigno, and A. E. Orel, Appl. Phys. Lett. 35, 477 (1979).
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Tabular Data C-2.19. Calculated rate coefficients for electron impact

9

deexcitation of excimer states of KrF in units of 107 ij/sec (taken

from Fig. 4 of the reference).

Electron
Energy (eV) 1 2 4
Transition
B - X 27 30 31
D - X 9.0 9.7 10
C- A 3.4 3.7 3.8
D - A 1.6 1.8 1.9
* B -2 1.6 1.8 1.9

Tabular Data C-2.20. Calculated rate coefficients for electron-impact

9

deexcitation of excimer states of XeF in units of 10~ cm3/sec (taken

from Fig. 5 of the reference).

Electron
Energy (eV) 1 2 4
Transition

B - X 66 71 74
D - X 21 23 24
C-A 18 19 20
D - A 4.8 5.1 5.5
B - A 4.5 4.9 4.9

Reference: A. U. Hazi, T.N. Rescigno, and A. E. Orel, Appl. Phys. Lett. 35
477 (1979).
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Tabular and Graphical Data C-3.1. Calculate’
cross sections for clectron impact dissociation of Fz
(Distorted wave model rith static exchange)
ciectron
Laceyy
ey
e
/.1:
To
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U
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*
‘4 . 5:
x X
X
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—
‘s
pu
= x
C L~
S
o
o
L X
w
" ]
1]
c |
e
© |
x {
G,
x
S x
0 L ! L 1
i 1 20 30 a0

Electron Energy (eV)

Referencez: A. W. Fliflet, V. McKoy, and T. N. Rescigno, Phys. Rev. A 21, 788 (1980).
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Cross Section (10"8cm2)
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Tabular and Graphical Data C-3.2. Cross sections for electron-impact
dissociation of HCl to form excited fragments.

e + HCl » H (656.3 nm) ‘

............................. e oS oS- - ——————————

tlectron Cross Electron Cross
Energy Section Energy Section
eV 19~ 19¢cn? eV 107182
20 V.20% 400 1.57
30 1.51 500 1.27
40 4,62 600 1,07
>0 5.60 700 0.932
60 5.04 800 0,803
70 5.49 900 0,714
80 5.30 1000 0.638
gu 5.07 1200 0.531
100 4,88 1500 0.432
150 3.98 1700 0.381 '
200 2.85 2000 0.524
300 2.U3 = emccccccccccccrccccacaa-

Cont. Next Column

e + HC1 + H(656.3 nm)

Lt a3 ad n 1 'O U B W

=
-

100 1000

Electron Energy (eV)

Reference: G. R, Mohlmann and F. J. de Heer, Chem. Phys. 40, 157 (1979)
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Cross Scetiom (Io-lﬂch)

£

Tabular and Graphical Data C-3.3.

Cross sections for electron-impact

dissociation of HBr to form excited fragments

e + HBr + H (656.3 nm)

clectron Cross
tnergy Section
eV 1o ¥en
20 U, 11
39 1.059
40 502
51V 7.47
00 .13
Tu 8.21
8y 4.2
90 7.69
1uv T.14
150 547
200 4,37
300 3.01

Cont. Wext Column

Electron Cross
knergy Section
eV 1U°16cm2
B R T T T ]
400 2.32
500 1.85
[qV] 1.5%
700 1.33
guu 1.17
900 1.03
14yao 0.941
1200 V. 7860
1500 0,624
1700 U.545
200y V. UbY

Electron Energy (eV)

Reference: G. R. Mohlmann and F. J, de Heer, Chem. Phys. 40, 157 (1979).
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Yabular and Graphical Data €-3.5 Cross sections for electron-impact
dissociation of H,S to torm excited fragments.
e + H,5 « H (65 3 nm)
1 4 1 17w LLHaly
. Yt e vests
AR by ARl R it el
vt X A
»x
x x
p x
¢ + H,5 + H(656. 3 nm)
x
x
X
w2 x
x
B x
7
o
! x
v
-, N
x
X x
it X X
x
X x
o i R o ' e
in 1ol 1009
.
Flectron Energyv (eV)
4
Reference G. R. Mohlmann and F J de Heer, Chem. Phys. 40, 157 (1979). [y
|
i
)
i
b
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cabular oand eraphical Data C-4 6 Cross sections for electron-impact
dissociation ot NH o to form excited fravments

e v NH, - H (656 3 nm)

. ool f 1

. Tawr

o1
. . u
.. 1 V.

v 1 1. T
PR 1 g !

L L. v
- PR Cudi NERFEE .

x X x e + NH, » H(656. 3nm)
4 3
x
x

“
X
x

&
ko)
L 3
-3 . x
[
i e x
” x
v
: x
x
{ b= x x
x
X x
x
Kx s
. z 1 r a1 1l 2 1 N T G T 1 ES—
14 100 1000
Electron Energy (eV)
Reference: G. R. Mohlmann and F. J. de Heer, Chem. Phys. 40, 157 (1979).
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Tabular and Graphical Data C-3.7. Cross sections for electron-impact
dissociation of CF& to form excited fragments.

e + CF, » F (739.8 nm)

clectron Cross Electron Cross
wnergy Section Energy Section

ev 10~ em? eV 10-19%em?
by 1.23 700 1.8%
(V) 2.79 300 1.76
by 3.65 900 1.5%6
10v 4,10 10ul 1.23
15u 4.b4 1200 1.15
Uy 4,43 1500 0.943
300 3.24 1700 0.779
LIVV] 2.03 2u00 0.656
IV 2.3 = eessmmeccscccacccscomocssos
bUU 2.13

vont. dext Column

[
e + CFQ + F (739.8 nm)
S_’h
X
X
~ ot x
L)
(=}
.O
= x
:._.—-
s x x
-~
o
&D’ x
22} *
° X
e x
x
X x
1 x
X
x
x
oL T T B R L et 1ol 1
14 190 18948

Electron Energy (eV)

Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 35,
51 (1978).
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cm™)

Cross Section (10.19

Tabular and Graphical Data ¢-3 8 Cross sections for electron-impact

£ p—-
¢+ CFH ~ F (739 8 nm)
- 3
=N o X
X
41— x
X
3 x
X
x
2t x
x
x x
X
x
| x
1 X
X x
x
0 ) TR T R A S A Aot aaxl )
14 Fou 1940
Electron Energy (eV)
Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chen.

dissociation of (IFEH to form excit

¢t CEH o F (7398 nm)

(wf f rapmeoent o

51 (1978).
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Tabular and Graphical Data C-3.9.Cross sections for elecrron-impact
dissociation of CF3H to form excited fragment.

e + CF,H » H (486.1 nm)

3

clectron Cross S
Lnerygy Sevtilan [EE
5 aVv 1w 7end o VR
4y 2.0 T .e
[V] 4.7 Suv L1
(1%} SIA) Uy 1.
. 10U 2.7 Tuuu 1.
199 5.2 120 1.5
<0y 4,7 Tyuu 1.2
30U 3.4 1700 1.1
B00 3.3 cUJv U.gT
BV 2.6 meemem—eemecssessosmmoo
[FIV}V] 2.7
Cont. lext Colunn
€
X
x e + CF H » H (486.1 nm)
X
X X
~~ Af
o v
E 4}
P }
— ,
" X
[«
r—~
o x
2 =
Iu] 2=
9]
X
o
2 x x
X
5 EL. x

q L PR S U S A IJ_ ] 4 a2 p el L
i 168 1304
Electron Energy (eV)

Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 35 R
51 (1978;.
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Tabular and Graphical Data C-3.10. Cross Sections for electron-impact
dissociation of CF3C1 to form excited fragments,

e + CF301 + C1 (837.5 nm)

Electron Cross Electron Cross

bnergy Section Energy Section
ev 10-18ep? eV 10-18em?
40 1.3 700 1.1
60 1.8 800 0.97
80 1.9 90u 0.91
100 1.9 1000 0.82
150 1.8 1200 0.70
200 1.7 1500 0.55
300 1.5 1700 0.51
400 1.3 2000 0.46
500 1.2 = memeeeeccececccecec—ceo-
600 1.1

Cont. Next Column

3
2 sl e +CF3C1 + Cl (837.5 nm)
® X X
: X
2 x
- X
g 1.5+ x
o
& x X
® X
i % x
s) — X
X
X
8.5
P 1 [ I R A W oot oa gl
19 100 1660

Electron Energy (eV)

Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 135,

51 (1978).
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Tabular and Graphical Data ¢c-3.11. Cross sections for electron~impact

dissociation of CF2612 to form excited fragments.

e + CF2C1Z » ¢l (837.5 nm)

................................. .. -

tlectron Cross Electron Cross
Lnergy Section Energy Seation
eV 10~ 18em? eV 10~ V8en?
L) 2.1 10u 1.1
Y 2.0 BU0 V.90
ou 24 900 u.90
100 2.9 1Quy 0.79
15u e 12090 Q.ok4
2Uu 2.2 1500 0.52
UV 1.0 1700 0.40
4gd 1.y 24000 0.4
200 1.3  mmeemeo-mesoowomseososss
vuu 1.3
Cont. Hext Colunmn
RN -—1
x X x
e + CF2C12 + Cl (837.5 nm)
P b3
PP g
p
b4
%
g x
o0
-t
i
o
SR B x
<
X
g x
E=]
Y
11 x
P x
E X
Q X
x '
- x
8.5 X
x
—L_ﬁf7 ' v vl 1 A W L
40 gt 193Q
Electron Energy (eV)
Reference: W, A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 33,

51 (1978).
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Tabular and Graphical Data C-3.12.

Cross sections for electron-impact

dissociation of CFCl3 to form excited fragments.

e + CFCl3 + Cl (837.5 nm)

—evsmmns - - - [ L L T TP

Electron Cross Electron Cross

Energy Section Energy Section
eV 10-18cm? eV 10=18¢q2
40 3.1 700 1.5
60 4.1 800 1.4
50 4.5 300 1.2
10V 4.5 1000 1.1
150 3.9 1200 0.90
200 3.3 1500 0.77
300 2.4 1700 0.63
400 2.3 2000 0.54
500 1.8 cmmmmmmeeccetmemsanaeaae
Vo 1.7

Cont. Next Column

G-
e + CFCl3 + Cl (837.5 nm)
s}
X X
oAl *
NE X
g
-]
i
o X
—
~ 3_ X
-]
o
.t
el
9 x
w x
s Zl-
2
O X
3
x
%
1 - x
X
x
X
q ! "R DS T I 1J'. 1 I NN | 2
3] 10 1689
Electron Energy (eV)
Reference: H. A. van Sprang, H. H. Brongersma, and F. J. de Heer, Chem. Phys. 35,

51 (1978).
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Tabular and Graphical Data C-3.13. Total dissociation cross sections for electrons
incident on C2D6’

e + CZD6 + product ions

tlectron Cross Electron Cross
Energy Section Energy Section
eV 107 10cn? eV 10-16ep?
15 1.30 150 T.10
20 3.20 130 6.90
25 4,00 200 6.70
30 5.60 250 6.40
40 .40 300 6.00
50 7.00 350 5.60
00 T.40 400 5.30
70 7.60 450 4.90 .
50 7.65 500 4.60
90 7.b60 550 4,30
100 7.50 buU 4.10
130 7.30 = eemmmceceececmemmom—eao-o

Cont. Next Column

e
xXx
x x x e + H,Dg product ions
7 x -
X
x x
6 x
x X
- X
o~ 5 L
B x
ot %
IO x
T 4fFx x
[~
[+]
- ,
3 3
0
w0
o
M ~
(8] .y o
X
1
’?L) l_ ~ _l _I J ] I
i 100 200 308 409 Sae 601 3L d

Electron Energy (eV)

Tabular Data C-3.14. Ratio of total dissociation cross sections for CZH6 to that of C2D6'

Electron Electron

Energy Ratio Energy Ratio
eV eV
50 1.14 " 300 1.06
100 1.07 400 1.05
150 1.07 500 1.14
200 1.03 600 1.11

Reference: H. F. Winters, Chem. Phys. 36, 364 (1979).
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Cross Section (10-19cm2)

Tabular and Graphical Data C-3.15. Cross sections for electron-impact
dissociation of propylene to form excited fragments.

e + C3H6 + H (486.1 nm)

rlectron Electron Cross
Lneryy Lneryy Lection
oV eV 10= eme
DIV fud dod
[ 3ou 1.5
Tuw dlu .5
1c0 4hy 1.4
1o SUU 1.3
suv 3.0 memeseescoosssscosoosse-
Py
Cont. Next Column
7
v+
el e C3H6 + H (486.1 nm)
s x
x x
X
4~
x
X
I
®
x
2
X
X
x
X
{ -
i J I L 1
0l 100 2o 390 430 5949

Electron Energy (eV)

Reference: J. M. Kurepa and M. D Tasic, Chem. Phys. 38, 361 (1979).
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Tabular and Graphical Data C-3.16. Cross sections for electron-impact
dissociation of Propane to form excited fragments.
e + CyHg + R (486.1 nm)
Telectron Cross Electron  Cross
bnergy Section Enerygy Section
eV 107 19cm eV 10~ Yem?
""55.0 3. 300 2.6
75.0 4.6 350 2.2
100 4,7 400 1.8
125 4.8 450 1.7
150 4.0 500 1.6
200 I N
250 3.1
Cont, iext Column -
7 t
¢
e + C3H8 + H (486.1 nm) . |
¢
6} ;
i
!
s |
[~ . X
x x
N/'\
§ 4 :
A x
) x ’
r—t
x
5 3f
kel
o x
U
o x
@ pus
g 2 x .
5 3
(&)
1t
3 | r 4 1 ]
b 100 200 300 ) 509
Electron Energy (eV)
*
Reference: J. M. Kurepa and M. D. Tasic, Chem. Phys. 38, 361 (1979).
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Tabular and Graphical Data C-3.17. Cross sections for electron-impact
dissociation of l-butene to form excited fragments.

e + C,H, » H (486.1 nm)
48

tlectron Cross Electron Cross
Lneryy section Energy Section
ev 10 Wen” eV 10-en?
JU.LU 2.0 390 1.2
{o.u 3. 350 1.00
Tuu 3.3 400 0.40
o9 $.4 450 0.80
THu 3.1 By 0.60
<Lu 2e3 = emeeccceccscccmmmc—e—ao-
Sou 1.0

‘ ¢
e + CAHS > H (486.1 nm)
6 .
| ’
i
t NA
=]
19
[=a)
, Z .
' ]
g x X
T 3k X x
| bt
w X
' w0
) x
2
O 2
x
. X
3 1 x %
1
i J_ J_ I |
Y 100 Z09 00 400 50

Electron energy (eV)

Reference: J. M. Kurepa and M. D. Tasic, Chem. Phys. 38, 361 (1979).
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Cross Section (10

[3N}

Tabular and Graphical Data C-3.18. Cross sections for electron-impact

dissociation of n-butane to form excited fragments.

e + C4H10 + H (486.1 nm)

Llectron Crouss riectron Cross
cnergy Section kEneryy section
eV 1= Wen< eV 10~ Men? .
Hu.u C. 4 300 1.4 |
(Y] c.b 350 1.2 i
10v 2.0 L2V 1.1 f
125 < 450 1.0U R
150 Z.4 »uu U.90 |
g elv] 1.8 = —cecreccecccceccccccmre—a- :
chu 1.6 i
---------------------- . '
vont. dext Column .
}
|
!
e + Ca"lo + H (486.1 nm) ;
. i
i
{
i
x
x x
x X
x
X
X
X
% ,
x 4 ‘
t
J ) ! ! _
100 2ug Jaa 4939 506

|
Electron Energy (eV)

]
Reference: J. M. Kurepa and M. D. Tasic, Chem. Phys. 38, 361 (1979). :
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Cross Section (10—16cm2)
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Tabular and Graphical Data C-3.19. Cross sections for electron-

impact dissociation of H2 to form high-Rydberg fragments.

e+ Hy H**
“Electron  Cross
Energy Section
eV 10'16cm2
21 0.0014
51 0.094
T4 0.4
99 0.14
150 0.12
200 0.099
250 0.083 '
300 0.072 :
i
e+ H, > Tl i
i
i
B i
1
X x ;
;
x
[ X
x .
x :
b
x 1 1 i 1 | |
% 5a a0 158 200 256 799
ELectron Energy (eV)
4
Reference: J. A. Schiavone, S. M. Tarr and R. S. Freund, J. Chem. Phys. 70,
!
4468 (1979). i
|
i
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~16cm2)

Cross Section (10

Tabular and Graphical Data C-3.20. Cross sections for electron-
impact dissociation of D, to form high-Rydberg fragments.

+ *k
e D2 + D

Electron Cross
Energy Section
eV 10" 1000?
21 0.00046
50 0.083
73 0.12
100 0,13
125 0.12
150 0.10
200 0.083
250 0.066
300 0.059
9.2
+ *k
e D2 + D
B, 15 :
x
x x
_ x
i, -
x X
X
b
6,25~
2 | 1 ! 1 |
% 50 150 [56 Zon ) )
Electron Energy (eV)
Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund. J. Chem. Phys. 70, 4468 (1979). - )
A
!
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Tabular and Graphical Data C-3.21. Cross sections for electron-
impact dissociation of N2 to form high-Rydberg fragments.

Fok
e + N2 + N

- e m—,—-----—-

Electron Cross
Energy Section
eV 10~ 16¢n?
31 0.012
50 0.26
76 1.2
100 1.6
125 1.6
150 1.5
200 1.3
250 1.1
300 0.96
2
e + N2 - N**
x x
1.5 )
NA b4
8 x
o
-
|o 3
:
g 1 k— 1
vl
L=l
19
Y
[“2}
[}
o0
[=]
|
(&)
Q.5
x
x | 1 | 1 _1
% 50 190 156 Z90 750 70

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data €-3.22. Cross sections for electron-

impact dissociation of CO to form high-Rydberyg fragments.

Kk e
e +CO+C ,0

Electron Cross

tnergy Section
eV 107 10ep?
30 0.0080
49 U.20
51 0.4y
77 1.3
100 1.6
129 1.6
150 1.5
200 1.3
250 1.1
300 0.906
Kk kK
e+ CO~C ,O
X x
{5 X
i X
£ x
<
‘s
= X
c =
<
py
o
L2}
147
2
o)
e
O
0. x
X
f x | } | I 1
&) iy 10n 159 200 : Sl

(KX

w

[get}
1

¢
<,

Electran Energy (eV)

Reference: J. A  Schiavone, $.M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4668 (1979).
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labular and Graphical Data C-3.273.

Cross

sections for electron-

impact dissociation of €O, to form high-Rvdberg fragments.

*ok
et C0, » O

Electron Cross
Energy Section
eV 10=10¢n?
51 0.010
44 0.50
T 2.1
Tuu 3.2
1y 3.6
150 3.6
20U 3.3
254 2.9
JUC 2.6
R
x X
X
x
: r" x
e
)
o
T
< x
o R
7
7
G
i
*x
e + CO,
x .
‘. .| | ! 1 B R
b 51 165 150 TS 355 T
Electron Energy (eV)
Reference J. A. Schiavone, $.M. Tarr, and R. §. Freund, J. Chem. Phys. 70, 4468 (14979)
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—lécmZ)

Cross Section (10

Tabular and Graphical Data C-3.24. Cross sections for electron-

impact dissociation of CH, to form high-Rydberg fragments.

+ cn *%
e 4" H
-Ele;tron Cross
Energy Section
eV 10~ 162
28 0.00045
50 0.97
76 1.6
100 1.7
125 1.6
150 1.4
200 1.2
250 0.92
300 0.72
*%
e + CHA + H
x
x x
) o
X
x
L x
x
x
8. %
; - | 1 [ 1
H 56 100 159 260 2sn 260
Electron Energy (eV)
Reference:

J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data €-3.25. Cross sections for electron-
impact dissociation of CH, to form high-Rydbery fragments.
' *k
e CH, » C
—EIEEEréE _____ Eross ----- Elect;;n --_-E;; ;-—-
Energy Section Energy Seot.ion
eV 16~ Wen? eV 107 0o
18 0.0018 110 U. 30
Ze 0.0082 120 .36
26 0.021 14y 0.35%
35 0.060 160 0.33
45 u. M 180 0.29
59 0.20 220 V.26
67 0.27 260 0.23
717 v.32 280 0.22
87 0.34 300 0.20
37 0,36 ememesceemmcedee—eeeo
100 0.36
Cont. Next Column
i, 4
x X x
X X
x
X
x
G, 2
PR x
o4
£
U x
e x
<
~ X
g x
: C‘:E_" x ’
v
]
v
o
V;f:
e
&)
.4
g, 1
X Jek
e+ CH ~C
X
. Vel 1 1 1 I 1
% 55 T 150 200 250 70
Electron Energy (eV)
Reference J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.26. Cross section for electron-

impact dissociation of C?Ha to form high=Rydberg fragments.

*k
e 4+ CH, +H
“Electron Cross
Energy Section
eV 10-16cp2
28 0.0065
51 1.1
75 2.1
100 2.5
125 2.5
150 2.4
200 2.1
250 1.8
300 1.6
3
x X
X
o
g . x x
o Al S
o2
|C:'
— X
Nt
=
(o]
el
o
19}
@
[70]
w
8
5 8
i
*k
e + 02H4 - H
- » | 1 | {
b 50 Tha 150 200 754 0

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.27. Cross sections for electron-

impact dissociation of C3H4 to form high-Rydberg fragments.

*k
e + C3HA + H
“Electron  Cross
Energy Section
eV 10~ 10cp?
32 0.0050
50 0.85
76 2.5
100 3.0
125 3.0
150 2.8
200 2.3
250 1.8
300 1.5
4
3 x X
7 X
E
193
=
— x
9
~ X
c
o =
o -
-~
o
@ x
w
w
g 3
1S)
8]
1
x
+C.H, » B
€ 34
c N 1 I | I
b 56 100 150 ZA0 350 )
Electron Energy (eV)
Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Tabular and Graphical Data C-3.28. Cross sections for electron-
impact dissociation of C2H6 to form high-Rydberg fragments.

*k
e + CoHg + H

Electron Cross
Energy Section
eV 10'76cm2
27 0.0035
51 1.1
74 2.4
100 2.9
125 2.9
150 2.7
200 2.3
250 1.9
300 1.7
4
x %
NA X
E
o
b x
IO x
<
g ol =
- x
-
o
& 1
[}
w
C
-
[&]
x
ik e + CH » H™
276
G - | l; | | 1
B 50 10 154 256 256 208

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Reference:

b
Tabular and Graphical Data C-3.29. Cross sections for electron-
impact dissociation of C3H6 to form high-Rydberg fragments.
Fok
ﬁ e + C3H6~* H
“Electron Cross
Energy Section
eV 10'16cm2
35 0.024
51 0.27
5 0.91
100 1.3
125 1.4
150 1.4
200 1.2
250 1.1
300 0.95
y
1.5k
g x x
OU
D x x
o
ot
g X
R 5
3 x
w
"]
1%
[+]
1 2]
(&)
8.5
+C.H ke
e qHg H
x
% x | ] | 1 1
S8 169 150 208 254 Igu

Electron Energy (eV)

J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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Cross Section (10'16cm2)

Tabular and Graphical Data C-3.30 Cross sections for electron-

impact dissociation of C4H6 to form high-Rydberg fragments.

ok
e + CAHb + H
EI;ctron Cross
Energy Section
eV 1071002
36 0.0095
51 0.35
75 1.6
100 2.2
125 2.3
150 2.2
200 1.9
250 1.6
300 1.4
3
b
x X
-
&
x
x x
b
1
e *x
e ‘AH6 + H
X
; v | | | 1 | J
% ) Tod 150 BT 250 360

Electron Energy (eV)

Reference: J. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys.
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Tabular and Graphical Data C-3.31. Cross sections for electron-

impact dissociation of C3H8 to form high-Rydberg fragments.

ok
e + C3H8 - H
“Electron Cross
Energy Section
eV 10“160m2
30 0.0076
42 0.1
51 0.42
76 1.7
100 2.4
125 2.5
150 2.5
200 2.1
250 1.7
300 1.5
4
7 -
(\i- x
g x
© x
pt x
e S [‘
S
: x x
b
% 1
w
1]
(9}
L
(&3
1=
+ CHg » H*
€ 3flg *
X
. w X1 I L _1 1 ]
b 55 160 150 =0m 750 710
Electron Energy (eV)
Reference:

I. A. Schiavone, S. M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).




Tabular and Graphical Data C-3.32. Cross sections for electron-
impact dissociation of CgHy,, to form high-Rydberg products.
Kk
e +C6H1a+H

Electron Cross
Energy Section
eV 10"6cm2
i 25 - 0.00
50 0.12
T4 0.79
100 1.6
125 1.9
150 2.0
200 1.8
250 1.5
300 1.3
3
j
! &
l S . x
. $ e = x
©
z x
[
o
.: x »
| 8
I w
@ )
<)
5
i
x
Jek
e + CGH14 + R
X
% .l 1 L i !
Se 108 156 200 238 30

Electron Energy (eV)
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Reference: J. A. Schiavone, S.M. Tarr, and R. S. Freund, J. Chem. Phys. 70, 4468 (1979).
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.12,
.13,

.14,
.15,
.16.
.17,
.18.
.19,
.20,
.21,

.22,
.23,
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.25,
.26,

Cross
Gross
Gross
Gross

Gross
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Tabular and Graphical C-4.1.

Cross sections for electron impact ionization of He.

Yoross T "% T eount o
g 7 cross section for n-fold ionization
""""""" Cross TElentron  Cross
Kaergy Section knergy Section
eV 10-16p? eV 1o 10en?
) HUU Q.167 500 U106
Tuu 0.146 TUu Q. 145
Tudu g.121 10060 Jotet
150U 0.uBe28 1500 1.082%
ENVIIY 0.0699 2000 B.0696
$HUd 0.0560 2500 0.0557
SUUU 0.0494 300U 0D.,0492
$50U 0.0427 3500 C.0u26
4Juy 0.0388 4000 0.0386
450U D.0348 4500 0.0347
SUuu 0.0314 5000 V.0313
Iy Zr“.*._...
qgross
Teount
o, 18
,%
< ¥
=
)
-
S B x
;
7
w
&
& o, L — L]
| 3
E 3
3, 4
b, 14 - .
|
P" 1 1 . et 1:{ . 1 i I A |
oL lagn Lo
Electron Energy (eV)
Reference: P. Nagy, A. Skutlartz, and V. Schmidt, J. Phys. B 13, 1249 (1980).
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Tabular and Graphical Data C-4.2,

for electrons incident on Ne.

Gross ionization cross sections

[} = Ing
gross non
Ref. 1, Experimental average Ref, 2
“Electron Cross “Electron Cross
Energy Section Energy Section
eV 1u_lbcm2 eV 107 1bon?
30 0, 1106 500 G.51%
40 0.2421 700 0,404
5U 0.3595 1000 0.320
60 0.4575 1500 0.238
7 0.5376 2000 ¢.185%
80 0.5978 2500 0.158
90 0.6460 3000 0.173%
100 0.6745 3500 0.120
150 0.TH403 4000 0.107
200 0.7381 4500 0.0473
300 0.6720 5000 0.u898
500 0.5947  emcmeememmmmmm—mmm—eeeo
500 0.5323
600 0.4757
700 0.4334
800 0.3973
300 0.3654
1000 0.3405
2000 0.1967
3000 0.1430
4000 0.1131
1
X Reference 1
+ Reference 2
0.8
X x
X x
x
o
5 9.6~ x x
N
DN x ¥
o X X
S x
~ x
‘g O.Qr x
. x x
” X
@ +
0
o
i¥)
8} x .
0.2 ¥
*x
+
x
¥,’
1 ool ol 1 L1 1111 '
96 106 {060 10000
Electron Energy (eV)
Reference 1. F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12, 979 (1979).
Reference 2 P. Nagy, A. Skutlartz, and V. Schmidt, J. Phys. B 13, 1249 (1980).
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Tabular and Graphical Data C-4.3. Gross ionization cross sections for
electrons incident on Ar.

rno
n ]

)',l'”!i‘i 1
Ref. 1, Experimental average Ref. 2
-Electran Cross Electron Cros;
Energy Section knergy Section
ev 10~ "0cn’ eV 1= 100ge
20 0.6437 500 0.515
30 1,838 700 0.409
Lo 2,463 1000 0.320
a4 £.0652 1500 0.238
b0 2,732 2000 1,185
70 2.890 2500 0.158
80 2.887 3000 G.135
9u Z.940 5500 0.120
100 2.85Y 4000 0.107
150 2.b51 4500 0.0973
200 S.398 5000 0.0893
30U 1.9b0 mmmmmmmemmmmemeemm—eomes
4uu T.uu4
500 1.4
bou 1.2°0
Tou 1.UdY
BOU LIRS IVIvi
YU U3
HRVIVIY] U.8501
200U U.u875
Juuu J. 3548
4904 JolTHy
3.5
X Reference 1
+ Reference 2
Kl
X
x
x X
.3 X
~ X
E
o
=}
—
)
b 2r x
2
= x
<]
2 x
S
i
g 1.5+ 5
W
“i
o] x
& n
1 x
x
»
x +
E__
8.5 * + .
*
K+q
' Lo aaaa ) vt el 1 oy 1
% 106G GG [,

Electron Energy (eV)

Reference 1: F. J. de Heer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B 12, 979 (1979).

Reference 2: P. Nagy, A. Skutlartz, and V. Schmidt, J. Phys. B 13, 1249 (1980}.

29/0




Tabular and Graphical Data C-4.4. Gross ionization cross sections for

electrons incident on Kr.

g = Ino
Rross n on
Ref. 1, Experimental average Ref. 2
tElectron Cross El;gf;gg ------- 6;5;; ------
Energy Section Energy Section
eV 10'1bcm2 eV 10')6cm2
20 1.169 500 2.21
30 2.696 700 1.65
40 3.338 1000 1.30
50 3.679 1500 0.961
60 3.93u 2000 0.763
70 4,105 2500 0.620
80 4,172 3000 0.542
30 4,140 3500 0.474
100 ‘J.:I-7 4000 0.u425
150 4,805 4500 0.388
2u0 3.4u8 5000 0.353
300 2,798 e e e e arrem e —————
400 2.417
500 2.087
600 1.886
700 1.706
800 1.557
900 1,434
1000 1,342
2000 0.7913
3000 0.5866
4000 0.4640
<
X Reference 1
+ Reference 2
xXxx
af- x
X
X
~ x x
o~
G
© K3 o
J x
S x
o x
[e]
- +
X
¥
§2r x
4 ¥
3 x
s} g
X
1t +
¥
+
¥
#"+
‘ 2 4 2 11l ) tooa v aaaal 2 L4 A 4
16 168 1666 10000

Electron Energy (eV)

Reference 1. F. J. deHeer, R. H. J. Jansen, and W. van der Kaay, J. Phys. B, 979 (1979).

Reference 2- P. Nagy, A. Skutlartz, and V. Schmidt, J. Phys. B 13, 1249 (1980).
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m- - » " -
Tabular and Graphical Data C-4.5. CGross ilonization cross sections for
clectrons incident on Xe.
0 = Lno
wross n H
Ret . 1. Experimental average Ret . 2
v O
X X Reference |
x X
X + Reference
X
=N . x
X x
- X
: x
Ng 4 -
. 4 x
‘/\
. x
- | x
-3 X
7 x
4 X
5 X
e x
p ) + x
(j - x
+
*
1~ x tx
+x
*s
N 1L 181 a ] 1 il 1 N
{0 [ ) T
Plectron Enervy (ev)
Retereno. | 3 ioodeHeer, R0 Jansen, and Woovan der Kaae o 1. Phvs . B 12 970 1u oy
Pelteren Poolnev . A Skut lart e, and v Schmidt, J. Phvs R 13 1249 (1asm




Tabular Dat C-4.6.  Ratio of count fonization to pross ionization
cross sections for noble pas atoms,

i PRI
u

NI n

a9 i
coruni non

O cross section for n-fold ionization

Flectron
Lneryw
e\ Ne Ar Kr Xe
o 1 1 1.0
A 1 1 1.0 97
b0 1 1 .972 93
30 1 .995 . 924 886
Ny 1 . 986 . 905 873
®0 L9927 .968 .90 .86
a0 L4851 1959 .89 .85
1o L9771 .9498 .8817 .B46
150 L9646 .9396 .887 .8510
200 L9548 .9353 .88 L8443
300 .9416 L9342 .869 .81337
400 . 9420 .9305 .875 .8395
500 .9450 .9297 .86 .B276
600 .9524 . 9280 . 8667 .B195
J00 .9527 L9278 .8662 .8068
500 9548 .9275 L8478 L7914
gy L9553 .4277 .8629 .7925
1000 . 9556 .9269 .8612 L7937
200N .9526 L9225 .8519 L7814
5000 . 9493 .9216 L8416 L7704
LO00 .9586 .9197 .8299 .7582

Keforenoe F. J. de Heer, R. H. .J. Jansen, and W. van der Kaay, J. Phvs. B 1

979 (1979).
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Tabular and Graphical Data C-4.7.

cmz)

-16

Cross Section (10

ionization of excited states of Ne

Calculated cross sections for electron-impact

Ne(3s)
“Electron Cross Electron  ir
tnergy Section Energy Sention
eV 10_100m2 eV 1w en?
HoH 1.48 3.4 4.ou7
5.5 1.82 3.5 551
5.8 2.31 3.6 7.06
6.2 2.9b 3.9 3,77
6.7 3.65 4.4 12.9
7.5 4,36 5.1 15.4
g.1 5,41 6.1 17.0
11 5.68 7.1 17.6
2 5.76 3.3 17.1
14 5.b8 13 4.6
17 5,47 19 12.0
20 H5.14 28 9.55
23 -1 37 7.60
28 4.41 50 5.90
34 3.91 67 4,66
39 3.54 100 3.28
4y 3,06 eee e s e e e e
60 2.64
T4 2.23
100 1.68
-
+* 3p
+ +
+
+
10~
B + +
= ’ ’
+ 3s x XK %y *
+ x x X +
x x
L % x
X
x x
x
i 1 : SR A B | 1 14 3 14y
L 10 {00
Electron Energy (eV)
Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Cross Section (10-16cm2)

Tabular and Graphical Data C-4.8.

Calculated cross sections for electron-impact

ionization of excited states of Ar.

Ar (4s) Ar (4p)
“Electron Cross = Electron Cross
Energy Section Energy Section
ev 107 "0¢cn? ev 107 "6cm2
4.6 2.01 3.0 5.43
4.8 2.5% 3.0 6.81
5.0 3.24 3.2 8.93
5.3 3.98 3.5 12.8
5.8 5.16 3.9 16.6
6.3 6.08 4.5 19.0
6.9 6.78 5.4 20.6
7.8 7.39 6.3 21.2
8.8 7.71 7.4 20.8
10 7.88 10.0 19.0
12 7.74 12 17.0
15 T7.41 15 15.4
17 6.94 20 13.1
20 6.37 25 1.1
25 5.59 31 9.38
32 4,81 39 8.02
40 4.19 ug 6.68
52 3.50 62 5.42
70 2.76 83 4,28
98 2.10 99 3.67
L. ‘b
+ *t 4
r' + .
<4 *
+
+ +
+
16~
- + 4 s *
- xx x x x +
B + x x +
5 x x x
+ +
: x x
X X M
- o
X
i X
x
r ) ;
1 1 PR W N N A S | 1 I WU VAN U W U B {
1 19 1G0
Electron Energy (eV)
Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.9. Calculated cross sections for electron-impact

ionization of excited states of Kr.

Kr(5s) Kr(5p)
“glectron cross Electron Cross
Energy Section Energy Section
eV 10710002 eV 107 16¢cp2
5.5 2.16 2.8 6.01
4.5 2.70 2.8 7.93
4.7 3.63 3.0 10.4
5.2 4,79 3.4 14.7
5.6 5.81 4.0 19.1
6.1 6.63 4.4 21.5
6.7 T.44 5.2 23.1
7.7 §.26 6.3 23.5
8.9 8.58 7.6 2z2.8
10 8.65 9.6 21.0
12 8.36 13 18.0
15 7.79 20 14.3
19 7.1 26 11.8
24 6.39 38 8.80
31 5.51 52 6.85
39 4.68 67 5.45
51 3.84 g2 4,58
62 3.32 99 3.92
79 267 emmmiemecceoooolllllol
99 2.17
L
S5p
+
+ + + -
+ +
~ + +
o
N 1e - * 5 s
=} X X +
Z F + x X x
x X
o] B x x +
S . + x
z B x +
2 X X +
:2 '- % X 4
£ x
&) 5
X x
x b
1 3 1 y 1 vl 1 1 [ SO W T A 1
1 19 o

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Cross Section (10—16Cm2)

Tabular and Graphical Data C-4.10.

Calculated cross sections for ele-tron-impact

ionization of excited states of Xe.

Xe (6p) Xe (6p)
“Electron Cross Electron Cross
Energy Section Energy Section
eV 'IO'mcm‘2 eV 107 10cm
4.2 2.32 2.7 6.gu
4.3 2.97 2.7 8.49
.7 4.35 2.8 10.9
5.3 5.96 3.1 14.9
6.1 T7.27 3.5 18.9
7.0 8.12 3.8 21.7
8.2 8.58 4.2 23.3
9.6 8.68 5.1 25.0
" 8.50 6.2 25.5
14 8.05 7.3 25.0
17 7.42 8.5 24.0
22 6.69 9.9 22.2
27 5.84 12 20.0
38 4,82 16 17.4
50 4.00 19 15.3
61 3.49 25 12.8
T4 3.02 30 11.2
86 2.65 37 9.31
100 2.34 47 7.76
------------------------ 58 6.55
71 5.46
83 4,73
100 4,07
- 6 p
+ * ¢
+7 * +
B . +
+
+ +
+
16} * s *
i + x X x *
- x X +
+ x +
L X x
& +
x
x +
" x 4
x
L x x
X
X 3
.
{ 1 1 A I | { [ SR W YO SR B O |
1 18 100
Electron Energy (eV)
Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.lla. Calculated cross sections for electron-impact
jonization of excited states of Cd.
cd(sp °P) cd(6s 35)
“Rlestron | Cross “Electron Cross
Energy Section Energy Section
eV 10-160n? eV 10~ 1602
TS T Tler 2.8 5.21
5.9 2,14 2.9 6.71
6.2 2.84 3.1 8.72
6.7 3.75 3.3 11.6
7.5 4,94 3.8 15.3
9.2 6,20 4.2 17.6
11 6.67 4.7 19.2
13 6.72 5.3 20.2
16 6.59 6.2 20.6
22 6.07 7.2 20.3
31 5.12 8.4 19.6
» 49 4,47 9.7 18.7
55 3.61 12 16.8
T1 3.04 16 14,5
39 2,34 21 12.3
----------------------- - 28 9.90
36 8.26
48 6.62
63 5.29
80 4,37
98 3.63
10
=
1 3
6s ~S
~ - sttty
o~ + +
E + <+
2 +
lo ’
T 1o 3 +
& N v 5p P +
7 - X X X +
o N + x x
t% = + x ® +
) x +
8 - x x b
s} x
"~ x
E
x
=
X
!
T 1 1 A I U I IR X \ T U U |_‘ {
i 1 {9 L
!
| Electron Energy (eV)
)
‘ Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
|
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Cross Section (10-16cm2)

Tabular and Graphical Data C-4.1lb.

ionization of excited states of Cd.

Calculated cross sections for electron-impact

cd(sp p) cd(5d 3p)
“Electron Cross “Electron Cross
Energy Section Energy Section
ev 10716052 eV 10- 162
1.9 12.5 1.7 16.6
1.9 16.4 1.8 24.1
2.0 23.1 2.1 39.5
2.2 29.9 .4 52.1
2.5 37.v 3.0 61.8
2.9 43.6 3.6 64.5
3.2 46.8 4.8 62.3
3.5 48.6 6.2 57.7
3.8 49.3 8.2 52.0
4.4 49.5 12 42.4
5.1 48.2 17 32.8
6.6 44,1 23 26.5
8.4 39.3 34 19.6
1M 34,2 52 13.6
14 29.6 76 9.69
19 24,0 100 7.25
24 19.7 = memmemmmeccseoesoosso—eeo
36 14,5
50 11.2
62 9.17
78 7.49
98 6.18
100
- 5d p
+
- + .,
R WXX X x +
X
- + X 6p 3P x +
X +
+
+ 5 x
L x .
+x
X
x
16}~
\ 5 x ¢
- x
i A
-
1 [} - i A J IJ_ L 1 1 1 S .
1 iq 104
Electron Energy (eV)
Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular Data C-4.12. Cross Sections for electron impact

ionization of Hg.

Electron Cross
Energy Section
eV 10" 16cm2
300 3.14
400 2.66
500 2.32

Reference: K. Jost and B. Ohnemus, Phys. Rev. A 19
611 (1979).
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Tabular and Graphical Data C-4.13a. Calculated cross sections

jonization for excited states of Hy.

for electron-impact

He (b 1) Hp(7s %)
PR Cross TElectron O fross
Energy Section Energy Seection
eV 107 10en? eV 10'16<:m2
5.9 1.n1 2.9 4.2
6.1 2.3 3.0 5.86
0.5 £.92 3.1 T34
7. 5.88 3.4 3.87
[ 4.90 3.9 13.2
4.0 H.68 4.6 16.3
Tu 0.20 5.4 18.4
1 6. 37 6.2 19.0
T f.39 T4 18.8
1b 6.27 9.0 181
19 5.99 I 16.8
23 5.59 14 15.1
29 5.07 17 13.6
38 4.37 22 11.5
47 3.85 28 9.70
62 3.21 38 7.60
31 2.71 50 6.15
43 2.36 75 4,40
------------------------ 39 3.50
e L e
|-
e 7s s
E -
< 4+ t + 4
- - +
< +
z + *
o ,L +
R o + .
)
§ t + +
7 3 + % x X X x x »
£ - *x
5 + x 3
& " x 6p P x +
| 4
x
x
L »
x
b,
H 1 S N N BN W AN W | 1 1 1 1]
19 107

Electron Energy (eV)

Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.13b.

Calculated cross sections for electron-impact

jonization for excited states of Hg.

He(7p °P) Hg(6d D)
“ilestron | Ttress Electron Cross
Energy Section Energy Section
eV 10'160m2 eV 10'16cm2
1.9 13.3 1.8 17.1
2.0 18.4 1.8 22.8
2.2 25.2 2.0 31.5
2.4 32.2 2.2 43.9
2.8 42,1 2.7 59.1
3.3 8.6 3.2 65.4
3.6 50.7 3.7 68.0
4.3 52.0 4.3 67.1
5.0 51.2 5.3 64.3
6.3 48 .1 6.6 59.6
8.3 42.6 8.2 54,6
1" 37.2 1" 46.0
15 30.3 16 34.7
21 23.8 23 25.8
27 19.7 34 18.8
35 16.0 47 14.0
47 12.7 63 10.9
61 2,95 81 8.67
80 7.90 98 T7.22
100 6.36 = emmmsemesss-oosoeessooooess
185 ———-
- 6d p
. PN
o + + +
- xx X x +
' o «
7p 3P x .
R + X x
x +
+ x
o~ - x
g + +
N x
n x ¥
© x
SRL +
o o x
s - +
Eor 4
(5 =
[%2]
» -
w
o -
M
O
-
11 " L I T BN ¢ ' f 4 411
1o 160
Electron Energy (eV)
Reference: H. A. Hyman, Phys. Rev. A 20, 855 (1979).
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Tabular and Graphical Data C-4.14. Cross scctions for electron-impact
ionization of C2+‘ a
e+ (12+ v C3+ + ¢ + e
Electron Cross Electron Cross
Energy Section Energy Section
v 107 18cn? ev 107 18cm?
37.1 02 68 9.32
41 00 78 10.42
42 58 88 11.52
43 47 98 11.33
44 57 123 12.16
45 .92 148 12.31
46 1.04 198 11.78
47 2.05 248 10.98
48 2.66 298 9.85
49 3.03 398 8.50
50 3.09 498 7.70
52 4.18 598 6.64
54 4.95 698 6.13
58 6.35 848 5.38
63 7.40 998 4.87
14
- x
| lc‘L- x x
‘ X 5
' X
" ) x
s x
9]
'c_o‘ x
s &
purt X
~ x
' g
: i x X
3} [ x
» L1
Q X
; g x 3
2
| S gl x
b
L
X
’ 2K x
! e+t et reqe
i X
| 4
1 L ke 111 gl P f R N S S A
?B 160 100
Electron Energv (eV)
I
+
)

Reference: P. R. Woodruff, M. C. Hubletr, M. F. A Harrison, and E. Brook,

J. Phys. B 11, L679 (1978).
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Fabular and Graphical Data C-4.15. Cross sections for electron-impact ionization of NO,
¢+ N0 > e b onNO'
|
e
e [ sietron BECRN
, ' poo! oV
.. R T4y,
' T, R PN 19
A I TuU
| RO Touu
I N ot JJU
[ e &HU
N . Y]
! <. 3HU
i RN 40U <
T 0 450 1
T R SO0 1.50
T, et HHU 1.74%
[ Lt LOU T.L7
. oo uHY 1.59%
* EEIN [ Tau 1.51
[N . : 750 1.45
i 50 1.3%
Vo b T.3s
T - ; sUU 1.2%
RN Ty $.1y Y50 1.24
1 11y $.14 TLuu 1.21
. [ S it B Rttt
. . T < 14
- - 1 13u 3.1¢
N 1.« Tso 3. 11
. TLuu 140 3,10
PRVEVL R S RN RPN ont. ext colamn
|
"
‘ff‘" N
X
3 = x
- X x
! X
! ¢ x
Il z—‘ x x
,:r x .
b, - x x
= x x
ie 2+ x x
2 X x
o x x
' z x x
= x Xy
&)
' x ’Sl,“
x
I - x
v 1 1 [ S B N S | 0 1 PR S T U A
{4 10u 1000
Electron Energv  (c\V)
I
)
Heference: D. Rapp and P. Englander-Golden, .J. fhem. Phvs. 3. 1464 (1965).
\
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Tabular and Graphical Data C-4.16. Cross scetions for electron-impact ionization of "o,

+

et NLO v Ze 4 ND

tlectron Cross kLlectron : iectron
Loersy section bnergy section LTy [ETERES A

oo 11 i :")u
FAP] yel s SISV
Tuy 3.0 Ty
15 .76 i,
Tiy seid (A [INEES!
11y .73 Tow . T EC
120 3.70 e emem e m ———————
Tey 307
150 s
Vi 3.7Y
T4y 3.73
145 3.71
THu $.70
1y S 0k
Tou Set
2yl 3.HY
cont. Next Column wont. Kext Colamn
4
x X
x X
X
X X
| X
3 x
X
—_ x
- %
o’% x
D x x
< x x
= 2 x
: x x
- x x
o X
o x x
9] )SSS
“ X
K1)
o} x
i)
&
1 l—
0 P N o ol n WD WY G W Y T I
10 Long 1QU0
Flectron frervyw (ol
Reference D. Rapp and P oEnplander-Golden, 0 Chermo Pl a8 Tang (1965)
KON




Tabular and Graphical Data C-4.17. Cross sections for electron-impact ionization of CH,, -

tlectron “ress klectron Cross Electron Cross
Energy sectlion Eneryy Section tnergy Section
ey 10™ ent eV 16 1bene
5. RN 20U 3.01
40,0 S 25U e e
4h.u j.2) 30U PR
20U 5. 30 350 2.2
PRy 3.4l 4uo 2,04
bu.uU 5.5 U5y 1.94
vh.u 3.0¢ H0u 1.8%
TUwu 5.66 550 1.7
1500 3.6¢ Guu 1.03
du.u 5.70 OhU 1.54
85U 3.70 Tou 1.47
JU 3,70 790 1.4y
9500 3.08 80U 1,54
Tuu 3.66 ShHu 1,68
Tas 3.03 Yuu Vo
11u 5.08 EPL 1.1
11y 1.0y 1000 L1E
12y 5.5 e e e
1oh 3.0
13U 3.48
1355 3.485
140 3.4
145 3,348
1oy 3.33
Tul 3429
130 3.12

wext olumn cont. Next Column
4
XX
x*
x
X
x x
X
3+ x x
—~ X
-
£ X
v x
LJ x
g x x
=
] x
~ X
- X
£ x
T2+ x %
2 X
o x x
v X X
o X x
< )f xx
13
“ X
x
i x
X
X
X
X
X
x
x
L
X
p )22(1 P VO W S A A I | a4 RS T S ST U U\
{0 10 1000
Flectron Eneryy  (eo\)
Reference: u. Ranp and Po tnalander-fiolden, J. Chem, Phys, a3, 14hd | 1ukb
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Tabular and Graphical Data C-4.18.

Cross sections for electron-impact ionization of C2 4

Electron Cross

Energy Section
eV 10" 10cp?
10.5 0.0114
11.0 v. 0449
1.9 V.0871
t2.0 0.134
12.5 0.193
13.0 v.2b3
13.5 u.345
14.u U.431
14.5 0.533
15.u u.042
15.% v.752
1b.y U.861
1v.5 U.Y459
17.0 1.06
17.5 1.7
18,V 1.27
18.5 1.37
19.v 1.49
19.5 1.59
21,9 .90

Cont. Next Column

Electron Cross

Energy Section
eV 10~ 0cm?
21.5 2.00
22.0 2.09
22.5 2.18
23.0 2.27
23.5 2.35
24,0 2.4
26,0 2.9%
28.0 3.25
30,0 3.52
32.0 3.76
34.0 3.98
36.0 4,19
38.0 4,35
40,0 4.50
45.0 4,30
50,0 Seu7
55.0 5.29
60.u 5.47
L] 5.61
70.0 5.69

Cont. WNext Column

Electron Cross

Energy Section
eV 10-1bem?
75.0 5.76
80.0 5.80
5.0 5.83
90.0 5.83
95.0 5.83
100 5.79
105 5.77
110 5.74
115 5.70
120 5.66
12% 5.601
130 5.56
135 5.51
140 5.42
145 5.39

7
6._.
3¢ XX XX xx
X xu“‘s&‘
~~ x
~N
§ 5k x
f X
Ic x
— X
o) . x
e — x
S x
° x
LY
[ x
2 3
(o]
1 9]
(&)
2k f
lh—-
y - A 1 Il A 1 lll A
o 160

Electron Energy (eV)

Reference: D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 1464 (1965).
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Tabular and Graphical Data C-4.19. Cross sections for electron-impact ionization of SF&'

...... e T T S e e e e e e et e et e e e et e e e e e e et e A — e e — - .o - ——————-——— e o

rlectron Cross Electron Cross Electron Cross
Energy sSection tEnergy Section Energy Section
eV 1™ Wen? eV 10" 16cn2 eV 10-160n2
Tuey U, uzae d4.u 2.7u 115 b.79
7.0 U,u3ve 36.0 3.04 120 6.36
T v.uhLY 38.0 3.26 1245 0.67
lo.v L, uB3L 40.0 3.47 130 6.88
3 J.tle 4.9 3.79 135 6.92
190y [P %) 50.uU 4,35 140 6.43
Tsen U, 1y4 55.0 4,81 145 SR
21y v.331 b0.0 5.09 150 6.97
P IS V.3l b5.0 5.34 160 .97
P U450 TU.U 5.05 130 6.0
cd ey u.537 5.0 9.77 200 b.33
T J.udl oU.0 5495 250 L i
S3e0 v, 71 85.U (S R 300 604
<y 0,020 90.0 L.20 R et R
Y] 1.20 95.0 b.42
eIV 1.50 100 6.53
* BV 1.93 105 .63
s&ay 2,31 110 6.71
cont. Next Column Cont. Next Column
8

N
1
\E
x
.4
X

N x* 3
6 xx
' x
o X
os 5 x
- X
i <
Z x
I
; c 4
S F x
o
v X
& x
s 3 x
‘A
C X
M 9
N v x
2+ x
x

| A
160

' Electron Enerpy (eV)

,un§i 1 i 1 1 -

Reference: D. Rapp and P. Englander-Golden, J. Chem. Phys. 43, 1464 (1965).
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Tabular and Graphical Data C-4.20. Cross sections for clectron-impact

ionization of COZ* ions.
“Electron Cross Electron Cross
Energy Section Energy Section
eV 10717 e eV 10-1Tem2
24.90 0,126 124.5 3.95
26.50 0.326 166.0 3.96
27.40 0.450 232.4 3.47
29.00 0.626 232.4 3.58
29.00 0.662 332.0 2.91
33.20 1.24 456.5 2.37
41.50 2.13 622.5 2.18
49.80 2.64 830.0 1.66
58.10 3,08 e
83.00 3.72
Cont. Next Column
S
4 X X
X
- X
(e}
~
—
1
X
s 3 x
g X
ol
3 x
U
wn x x
: 2
<)
—
o x
4
1
#*
X
X
L x L i 1 L 1 Ll l A A A 'l L A b 1
%o 100 1600

El

Reference: A. Muller, E. Salzborn, R.

L221 (1980).

ectron Energy (eV)

Frodl, R. Becker, and H. Klein, J. Phys. B 13,

2989

et Loim ne e




P et

Tabular Data C-4.21. Appearance potenvials for electron-impact

ioniration of rare-gas dimers.

ArKr

KrXe

Appearance
Potential

15.2 + 0.2
14.0 + 0.2
13.45 + 0.3
12.2 + 0.2

Reference: H. Helm, K. Stephan and T. D. Mark, Phys. Rev. A 19,

2154 (1979).
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Tabular and Graphical Data C-4.22. Cross sections for electron-impact

detachment from F~,

-------------- e e e e A L R E G- --—-——— - .-

tlectron Cross Electron Cross

gnergy Section Energy Section
eV 167 16cm2 eV 10~ 16cp2
15.2 1.03 98.0 2.60
18,0 1.63 148 2.4%0
23.9 1.92 197 2.11
28.0 2.23 247 1.80
33.0 2.33 296 1.62
36.0 2.44 396 1.37
48 .U 2.65 495 1.16
58.0 2.71 595 1.04
b8.0 2.74 794 0.840

. b8.0 2.71 990 0.730

83.0 2.67 = eeeecccmcccecccccaccaaea
yo.U 2,02

Cont. Next Column

5
x %
x
x ]
2.5~
x x
x
x
-~ x
o~
£ 2
©° 3
o X
o
-l
~ X X
§ 1.5}
po
o x
U
wv
@ x
2
o 1 X x
& [~
x
>
6.9
1 1 Lllllll S L ) Y N N N e |
1 85 168 1009

Electron Energy (eV)

Reference: B. Peart, R. Forrest, and K. T.Dolder, J. Phys. B 12, L115 (1979).
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Tabular and Graphical Data C-4.23.

Inclined beams

90% confidence limits of random error

Cross sections for electron-impact detachment from O~ .

_____________________________________ - 1 o o "

Electron Cross Electron Cross Electron Cross
Energy Section Energy Section Energy Section
ev 10=6cme eV 10-16¢p2 eV 10-16cp2
3.28 0.640 20.5V 5.27 27.3 5.72
5.37 1.48 21.4 5.46 27.5 5.81
T.62 2.83 22.1 5.78 29.1 6.12
10.6 4.35 22.8 5.89 30.7 6.19
12.8 5.21 24.4 5.97 32.1 6.29
15.2 5.54 25.2 6.10 32.5 6.28
16.7 5.61 26.0 6.34 36.9 6.03
18.1 5.78 26.3 5.82 = meeeemmcemccmcocmmeaooo
19.0 5.90 26.8 6.08
19.6 5.24 26.7 5.48
Cont. Nexi Zolumn Cont. Next Column
8
?.—.
x xx
X x X
6 x x X x
& x x X X
§ x X x x
2 x X X
|O S
c
g xX
i af
%]
LY
w
p
o I
s X
2+
X
1.—
X
1 1 1 1l { 1 |
% 5 10 15 70 25 38 35 a0
Electron Energy (eV)
Reference: B. Peart, R. A. Forrest, and K. Dolder, J. Phys. B 12, 2735 (1979).
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'16cm2)

Cross Section (10

Tabular and Graphical Data C-4.24

impact detachment from G~

Cross sections for electron-

tlectron Cross Electron Cross
Energy Section Energy Section
eV 107 16cn? eV 1071602
10.3 4,51 58.0 5.85 -
13.3 5.54 8.0 5.64
15.3 5.63 98.0 5.16
16.3 5.69 108 4,88
18.3 5.18 108 4,80
18.3 5.56 148 4,09
18.8 5.51 197 3.71
19.3 5.44 296 2.88
20.3 5.98 396 2.28
23.3 6.26 495 1.89
26.1 6.18 595 1.62
28.1 o0.U48 694 1.45%
33.3 6.29 794 1.33
38.0 6.35 990 1.18
48,0 6,04  memecmmemmmmamaaooo
58.0 6.05
Cont. Next Column
7
x x X
6 x x
X
% X % x
x x
S
%
b
41 x
b3
3-
x
2L
b
1k
i i ! . S | 1 )
1 {00
Electron Energy (eV)
Reference: B. Peart, R. Forrest, and K. T. Dolder, J. Phys. B 12, 847 (1979).
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Cross Section (10'15cm2)

Tabular and Graphical Data C-4.235.

impact detachment from C~.

Inclined beams

Cross sections for electron-

90% confidence limits of random error

-------------- - - - - - -

Electron Cross Electron Cross

Energy Section Energy Section

eV 10'15cm2 eV 10=15¢m2

T 2.14 20.4 1.95
13.0 2.15 20.9 1.9
4.4 2.16 21.9 2.01

15.2 2.09 22.7 2.00

15.9 1.99 23.5 1.97
17.4 2.01 25.0 1.81

18.1 2.17 26.5 1.77

18.9 1.99 28.1 1.75

19.6 1.86 31.2 1.68

20.0 2,00 = esmecccccccccccammomcoo-
Cont. Next Column
2.5
x x X x
3
rd o x %X x X X x
x x
x
X
.3
X x
X
1-5_
4
[ | 1 |
lo 15 20 25 30 35
Electron Energy (eV)
'
Reference: B. Peart, R. A. Forrest, and K. Dolder, J. Phys. B 12, 2735 (1979).
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-16cm2)

Cross Section (10

[p%]
Yot

16

1

Tabular and Graphical Data C-4.26.

impact detachment from C .

Cross sections for electron-

Llectron Cross Electron Cross
Energy Section Energy Section
eV 10'16cm2 eV 1071002
10.2 17.9 98.0 9.97
13.2 17.9 107 9.96
15.7 17.4 148 7.55
18.2 18.5 197 6.23
23.2 17.8 296 4.87
28.0 10.7 396 3.87
38.0 15.1 495 3.22
48.0 14,2 595 2.70
53.0 13.3 794 2.07
63.9 12.4 990 1.73
78.0 11,6 = comcem—ecceeeecreccacanac
88.0 10.8
Cont. Next Column
x
o X x
X
x
x
X
B x
b3
XX
|~
x
x
X
- X
X
x
x N
1 1 L T | 1 ) i T T T
0 160 { g0
Electron Energy (eV)
Reference: B. Peart, R. Forrest, and K. T. Dolder, J. Phys. B 12, 847 (1979).
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C-5. ELECTRON-ION RECOMBINATION

CONTENTS

C-5.1. Cross sections for dissociative recombination of electrons

with H3+ to form H™
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Tabular and Graphical Data C-5.1. Cross sections for
dissociative rocombination of clectrons with H$. to form H
+ -
(S H; » Ht H2
[ —
X
ta ]
x X
SR e
x

- x

to)-
x

feg--

Dl it x *
6

4 - X

e + H3+ + H™ o+ 2+
2 e
Al x | 1 | i |

] 2 ! = -

X 7 4 [ = 10 1e

Electron Enerpgv (eV)
Refercnce B. Peart, R. A. Forrest, and K Delder Tt o taa




w-0.

C-6.1. Cross sections

[}
1
[sa)
[

Total electron
C-6.3. Total electron

C-6.4. Total electron

NEGATIVE TON FORMATION BY ELECTRON IMPACT

CONLENTS

for dissociative
attachment cross
attachment cross

attachment cross

attachment of electrons to Ny 2994
sections for CClKF ................. L3000
sections fo LU17F2 .................... 3001
sections for CClF3 ..................... 3002

C-6.5. The effect of vibrational and rotational excitation on threshold

dissociative attachment cross sections

in H, and L 3003
C-6.6. Increise in dissociative attachment cross sections in SF6 due to
vibrational excitation of the gas prior to the collisjion.... ... ... . 3005

W e s e v N ———— . -~ — »
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Tabular and Graphical Data C-6.1.

Cross sections for dissociative

attachment of electrons to N,O.

2
e + N20 - NZ + 0
Temperature Rate
Constant
K 10‘150m3/mole-sec
323 30.0
31 13.5
295 4.80
275 2.30
261 0.580
166
F -
: e + NZO + N2 +0
- X
- 5
bt x
“= 10
g 3
v =
-l
. o
S - x
u 8
o
5 | X
=
(o]
(&)
1]
= Lt
o -
- X
-
-
0 ] ] 1 |
240 260 280 300 320 34

Reference:

H. Shimamori and R. W. Fessenden, J. Chem. Phys. 70, 1137 (1979).

Temperature (°K)
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A L T

Cross Section (10'16cm2)

Tabular and Graphical Data C-6.2. Total electron attachment cross

sections for CC1 .’F .

FNERINE A St POss v.lectron Cross
Lneryy cetlon tnergy section
o 1o eV 15~ 100n?
UL Uy 14,0 u.Hu 5.19
NI SRV Ve H.44
[IRVESIV [ VY L83
Jeuly SyLll veth 6,32
TN .27 u. 79 6,67
oo lu 3.0 volY 6,70
Lol 4,24 U.ou [N
[V ] .12 vl b 5.99
volu .54 ULy 5.36
velo loby u.9h 4,59
vy F.db T.uu 3.15
vedt J. by 1.1 1.56
v. 3V VDY 1.2 U, 39u
U.3o 7.2 1.3 v, 0500
G.lu 2407 mmemeecemenccccmecea -
UL hh > 30
Cont. hext Jolumn
16
14
3
124~
104
x x X
x
el x
x X x
x x X X
6 X x x
x
x X X x x
X X x
41— “x
X
2 o
3
i 1 1 1 1 ¥ x
% 0.2 0.4 6.6 a.8 1 1.2 4
Electron Energy (eV)
Reference: D. L. McCorkle, A. A. Christodoulides, L. G. Christophorou, and 1. Szamrej,

J. Chem. Phys. 72, 4049 (1980).
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Tabular and Graphical Data C-6.3. Total electron attachment cross

sections for CCL,F,.

tlectron Cross Llectron Cross
Lnerygy section Energy Section
eV 10 100 eV 10=oen?
. U.04Y U.600 v.50 U.220
u.0by 1.80 u.hh .230
v.Ubu 3413 .60 0,260
w.OTY 3,40 J.0bH U.3kU
v.UB8u Z.07 0.70 0440 .
v.lu 1.18 0.7% 0.57u
v.1é V.0ol0 U.b0 V.70u
ueld . 340 U.b9 O Y-4V]
} ve.lu J.240 U.9y v.BYu
: v. 13 U.23V U.35 U.B9u
i V.20 U.320 1.00 0,700
v.2y V.41 1.1 U.35U
U.3u U.550 1.2 J.0Tu0
N U.e3d V. 490 = mmemmeceecemcccmemnooa~
0.40 U.350
) .45 v.260

Cont. Next Colunmn

4
i
i
]
ﬁ‘ x
. %
i I
\ ; ’
£
9]
=
[ ‘s
] c
[
8
. 2k
bt x
1]
o
w
. o
L
7 o
3
1
" x X
3 x x x
X X
x x x
X x x x x
xx X x x *
qj 1 | | 1 1 X
: 0,2 G,4 0.6 0.8 1 1.2 1.4
Flectron Energy (eV)
Reference: D. L. McCorkle, A. A. Christodoulides, L. G. Christophorou, and 1. Szamrej,
J. Chem. Phys. 72, 4049 (1980).
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Tabular and Graphical Data C-6.4. Total electron attachment cross

sections for CC1F3.

Electron Cross Electron Cross
Energy Section Energy Section
eV 10~ 16cm? eV 10'16cm2
0.85 0.0200 1.4 2.09
0.90 0.0300 1.5 1.33
0.95 0.0400 1.6 0.570
1.00 0.0800 1.7 0.250
1.1 0.180 1.8 0.160
1.2 0.630 —eeeceeeeecccccrcccaaa.
1.3 1.60

Cont. Next Column

cm

9.8

Cross Section (10
-
1

0-6?‘ x X

0.2 x

1 ] } L x x X 1 1
o.2 6.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

Electron Energy (eV)

o

Reference: D. L. McCorkle, A. A. Christodoulides, L. G. Christophorou, and 1. Szamrej,

J. Chem. Phys. 72, 4049 (1980).

3002

&)




Tabular Data C-6.5. The effect of vibrational and rotarional excitation on

threshold dissociative attachment cross sections in H, and D,

Tabular Data C-6.5a. Experimental ratio of threshold dissociative attachment
cross sections for vibrationally excited molecules to that for

molecules in the vibrational ground state.

H, D,
Internal v ve0 Internal v v=0
Energy cDA/cDA Energy cDAInDA
v eV eV
1 .49 32. .36 42,
2 .98 560 .70 900.
, 3 1.44 5.6 x 103 1.05 1.2 x 10%
4 1.86 3.8 x 10% 1.6 1.0 x 10°
5 1.67 7.2 x 10°

Tabular Data C-6.5b. Experimental ratio of threshold dissociative attachment
cross sections for rotationally excited molecules to that for

molecules in the rotational ground state.

Hy
Internal S 20
Energy oéA/UéA
]j eV
5 23 1.6
7 41 4.2

Ground-state dissociative attachment cross sections at 300°K, taken from

G. Schulz and R. K. Asundi, Phys. Rev. 158, 25 (1967)

Oa(Hy) = 1.6 x 10721 cp?

8 x 10_2['cm2

Reference: M. Allan and S. F. Wong, Phys. Rev. Lett 41, 1791 (1978)
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Tabular and Graphical Data C-6.6. Increase in dissociative attachment
cross sections in SF due to vibrational excitation of the gas prior
to the collision.

a.  Temperature dependence of the cross section for dissociative

attachment to SFb to form SFS-' Taken from Fig. 1 of the reference.

Electron

Energy
Temperature (eV) 0 0.1 0.2 0.3
« KD
300 6.5 3.6 5.4 6.4
330 8.3 5.0 6.4 7.5
355 14, 7.0 8.6 9.3
420 4b, 16. 15. -
500 130. 29. 19. -
607 290. 43. 23, -
740 490. 76. 30. -
880 780. - z -

b l.aser enhancement of dissociative attachment cross section for

il K -
electrons on 3”SF6 to produce jsts . The radiation selectively

excites the vy vibrational mode of 3ZSF6 to produce the

enhianced sipnal

B x
X
x X
X x
X
x
- x
x
x x
—
x x
x
x X
xX
x
}
- x x
X X x x
o Ky X xx* XXk x x
x_x x % X x
oo Xy x x X x
1 1 { 1 1 1
0 1 2 R 4
Electron Fnerpgv teV)
Keterence I Chen and P. ] Chantrv, J Chem. Phys. 71, 3897 (1979).
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D. PHOTON COLLISION PROCESSES IN GASES
CONTENTS

Page
Photoabsorption and Photoionization Cross Section
of Atoms and Positive Atomic I0ONS.. ...t nnnnnnnns 3007
Photoabsorption, Photoionization, and Photodissociation
Cross Sections of Molecules and Positive Molecular Ions
(Monomers)..............,: .................................... 3029
Photoabsorption, Photojonization, and Photodissociation
Cross Sections of Molecules and Positive Molecular Ions
(Excimers and Dimers ). ..o ettt iiieeeinaaaanennansennns 3106
Photodetachment, Photodissociation, and Photodestruction
Of Negative JOMS. . ittt it ittt et i ennnaens 3118

Free-Free Absorption Coefficients {No new data to
report. For previous data see V.2, pp. 692-693)

The data presented in this chapter either extend or supersede the
data given previously in Chapter D of Volume II, pages 639-713, and
Volume 1V, pages 1917-2078.
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Tabular Data D-1.2

Branching Ratios and Partial Cross Section for
the Photoionization of Ar 3s

Energy  Measured Branching ratio® Toral Argon 3s

loss intensity T———— . photoionization ph ization®

(eV) ratio® S 3p cross-section (Mb)8  cross-section o (Mb)
3s/3p

328 0.031 0.030 ( 6) 0.970 ( 6) 16.7 0.500 (100)

338 0.023 0.022( 9 0.978 (10) 14.2 0.310 (127)

35.8 0.023 0.022( 8) 0.978 (10) 94 0.210 ( 75)

37.8 0.012 0.016 (10) 0.983 (13) 59 0.094 ( 59)

39.8 0.000 0.000 ( 4) 1.000 ( 4) 37 0.000 ( 14)

41.8 0.012 0.011 (11) 0.989 (11) 22 0.024 ( 24)

4.8 0.061 0.057 (43) 0.943 (44) 1.25 0.070 ( 53)

46.8 0.103 0.093 (35) 0.907 (46) 0.97 0.091 ( 34)

49.8 0.124 0.102 (40) 0.826 (59) 0.92 0.094 ( 37)

51.8 0.129 0.106 (68) 0.782 (65) 1.01 0.110 ( 70)

54.8 0.164 0.123 (28) 0.754 (40) 1.19 0.146 ( 33)

59.8 0.226 0.155 (38) 0.685 (38) 1.37 0.213( 52)

64.8 0.267 0.177 (35) 0.658 (42) 1.45 0.257 ( 51)

69.8 0.266 0.177 (37) 0.664 (48) 1.48 0.262 ( 59)

74.8 0.223 0.153 (68) 0.687 (68) 1.48 0.227 (101)

Values in parentheses represent the uncertainties in the derived quantities.

b This represents the 3s/3p intensity ratio corrected for analyzer transmission efficiency.

< Branching ratio (3s) = 3s/(3s + 3p + 2*) etc. The data for multiple ionization are taken from
ref. 30. This correction has been made above 46.8 ¢V.

4 From data of West and Marr .

e g(Mb) = 1.0975 x 10%df/dE) (eV).

Note: The value in parentheses represent the uncertainties.

Reference: These data were taken from K. H. Tan and C. . E. Brion, J.
Electron Spectrosc. 13, 77 (1978) except for the total cross

section which was taken from J. B. West and G. V. Marr,
Proc. Roy. Soc. A 349, 397 (1976).
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Graphical Data D-1.6

Photon wavelength (&)

Partial photoionization cross section for C{3P) leaving the ion
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Graphical Data D-1.7

Partial photoionization cross section for C(!D) leaving the ion L.
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Graphical Data D-1.8
Theoretical total photoionization cross section for N("S) in length
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C 024

Graphical Data U-1.12

Photoionization cross section for the ground ('P)

the ground ('S) of 0*.
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Graphical Data D-1.13

Photoionization cross section for the ground °P state of atomic 0 to the
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labular Data D-1.15

Photoionization Cross Sections and Branching Pating
in Various Thearetical Approxinations for

Sum of the 3p — kd k< cross sections at various energies (in 109% em?),

With relaxation effects Without relaxation effects
Photon 1owest-order HF Correlated ® lowest-order HF Correlated*
energy (eV) Length Velocity lLength Velocity Length Velocity Length Velocity
16.62 56.14 37.00 35.91 34.00 60.40 43.06 34.40 35.99
1x 51.66 33.30 36.13 34.71 51.10 35.60 4u.10 36.36
20 42 60 26.41 35.3K 31.62 38,79 25 .92 393~ 35.49
21.2 av.22 22.46 34.32 30.10 32 4+ 21.11 37 .1 34.02
23 29 9% 17.32 32.06 29.57 24.33 1517 30.55
25 23.17 12.71 2845 23.34 16.97 10.13 2 2487
27 17.51 9.11 24.17 21.46 11.31 6.49 2 1+ 3=
30 11.03 5.30 17.40 1219 5.R7 3.1% 1 10.37
32 770 3.54 13.01 10.94 3.64 195 6.44
35 4 45 149 787 5.16 1 60 0.92 285
40 1.61 0.70 2.83 2.19 0.6k 0.50 0.+5
45 0.57 0.36 0.Kb 0.6% 0.42 .45 0.3~
‘Includes onrrelations from coupled-equations method.
Ratios of the "D and 'S crose gections to VP at various eneryies
D rutwe
Photnn With relaxation effects Without relixation effects
energy lowest-order HF (orretated lowest—order HF Correlated®
eV Length Velocity length Velocity Lenyth Velooity lengrth Velncity
1 082 0.97 0.66 0.69 1.1 1.2 0.74 G.m1
19 0.67 .82 0.66 ) 6n .95 11 .77 0.,
20 0.5 070 a.nT 070 ) wn 0.9¢6 0,75 0RO
21.2 .45 0 o~ 0.6 072 0 7o 0.3 0.74 0.79
22 .40 0.53 0.70 074 0.63 .76 0.7 0.:9
23 0.35 0.47 0.72 076 (.50 0 6= 0.74 0.7
's ratio
ix 024 0.25 0.11 0.14 0.32 0.11 0.15 0.1*r
19 0.1 (.20 0.11 0.13 027 0.2% 014 016
20 0.14 0.16 011 0.13 0.22 0.24 011 0.16
21.2 .11 G.13 011 012 [{§. 0.20 013 .14
22 0.na 012 on 012 0150 017 0.1 014
23 0.0x 0.10 0.1t 012 0,13 015 0.12 [E0% 3!
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Photoionization Cross Sections for Singly
Charged Positive lans
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Manson, Astrophysical Jour. Supp. 40, 815 (1979).
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Photoionization Cross Sections for Singly
Charged Positive lons

Hy CLe Ae Ke Cae+ SCe Tie Ve
[§) 0.000E GO 0.000E 00 0.000E 00 2.036Ex01 3.C66E 00 1.630€3C1 1.416E201
20 0.000E 00 0.000E 00 G.000E OC 1.729e-ClL 3.311E 00 5.100E CO 5.¢80E 00
2% 3.782E Q0 O0.000E 00 (C.Q00E 00 1.4COE-OL 3, 144€ 00 5.356E 00 &.573E 00
30 1.145¢ 00 3.034€ CO C.000E OC 1.142E-01 2.78¢E 00 S5.181E CO 6.822E 0C
35 6.618E30L 1.133E 00 2.605E 00 9.480€g02 2.399€ 00 4.Ti3E CO 6.587c 00

40 1.098€ 00 7.584c-01 1.240E 00 B6.015€-02 2.C52E 00 4.188E 00 6.108E 0C
(3] 1.207€ 00 1.189E 00 9.036Eg0l 1.228E 00 1.757E 00 3.694E 00 5.555¢ 00
50 1.296€ Q0 1.3CBc 00 1.341E OC 1.019E .E58E 00 3.252E 00 5.016E 00
60 1.370E 00 1.486E 00 1.%88E 00 1.604E 00 2.C36E 00 3.354E CO 4.G563E 0C

8

Accuracy: These theoretical data should be good to +20% except near
thresholds where they were somewhat worse.

Reference: The above data were taken from R. F. Reilman and S. T.
Manson, Astrophysical Jour. Supp. 40, 815 (1979).

3027

70 1.3426 Q0 1.543E 00 1.709E 00 1.780E 00 2.380E 00 2.B72E CO 4.054E 00
80 1.257E 00 1.511c 00 1.708E OC 1.862€ 00 2.316E 00 3.025E 00 3.536E GO
90 1.148 00 1.428E O0 1l.641E 00 1.847E 00 2.234E 00 2.8C3E 00 3.560E 0O
100 1.033E 00 1.319E 00 1.546E 00 L.T74E 00 2.117€ 00 2.604E 00 3.239E 00
Thy cRe nNe FE+ cCe Hy NIe Cus Ine
15 8.594E 00 9.228E~02 0.000€ 00 0.000€ 00 20 8.5226-02 7.056t Q0 S.3352Eg02
20 9.152€ 00 1.303E~01 1.l60E~01 1.009E~OL 25 4.970€E 00 7.969€ 00 &, 250€-02
25 9.4106 00 6.603E 0C 6.095E 00 5.514€ 00 30 6.263E 00 0.T766E 00 3.151E 00
30 9.397€ 00 7T.728BE 00 T.408€ 00 ¢.870¢& 00 35 T.451E 00 ©.429¢ 00 6. 248E 00
35 9.116€ 00 B8.336F 00 B8.335€ 00 7.987E 00 .0 8.388E 00 9.916E 00 7.282E 00
40 8.617E 00 8.462E 00 8.8128 00 8.743F 00 43 9.005E 00 1.022E O1 4. 1408E 00
45 7.986E 00 8.247€ 00 8.896E 00 9.120€ Q0 50 9.306E 00 1.034E O1 B.792¢ 00
50 7.304E Q0 7.847€ 00 B.708E 00 S.18CE 0C 60 9.219€ 00 1.020€ O1 9.410€ 0OC
60 T.194€ G0 6.881F 00 7.951& 00 8.731F 0C 70 8.6TO0E 00 9.664E Q0 9.3TIE GO
10 5.569E CO b6.742E 00 T.072E 00 7.S88E 00 80 T.987E 00 B.919¢ 00 B.%99E€ 0OC
80 4.793€E 00 5.740F 00 6.862E 00 7.199E 00 90 7.876€ 00 0.832¢ 00 6.499€ 00
90 4.567E 00 5.058E 00 6.04BE 00 ¢.993€ 00 100 T.109E 00 7.85%«E 00 7.650E 00
100 4.101E CO 4.B82E OC 5.412€ 00 €.292¢ 00



— ————— -

Tabular Data D-1.20

Photoionization Cross Section for Na+

Threshold values of o (Ne 11, *P°» Ne 111, S,L,) in megabarns.
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Gra phi cal Data D-1.21 Photoionisation cross section of the ground state “P° of Ne 11. The averaged value
obtained by numerical integration over the resonances 3d”, 5d’ and 65’ is 6:37 Mb.
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Graphical Data D-1.22 Photoionisation cross section of the ground state *P of Ne 11, The averaged value
over the resonance 5d’ is 3-95 Mb and the averaged value over the resonances 8s” and 7d” 1s

Reference:

4-75 Mb.

The above theoretical data were taken from A. K. Pradhan,

J. Phys. B 12, 3317 (1979).
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Tabular Data D-2.1

Photoabsorption and Photoionization Oscillator

Strengths (Cross Sections) for H.
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These data were taken from C. Backx, G.R. Wight, and

M.J. Van der Wiel, J. Phys. B 9, 315 (1976).
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Quantum yield of ionization, =, for CO.
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Tabular Data D-2.12

Branching Ratios in the Photoionization of CO

Energy loss
Eich

18
19
20
21

i
25
27
30
3
3s
38
40
42
45
47
50

Note:

Reference:

Electronic state of CO* Oscillator strength
- - So for total
X Al BX: e w 2,025 Y photoabsorption
(eV)-?
50 50 0.231
4 56 0.215
41.5 58.5 0.213
340 574 8.6 0.218
29.8 60.1 10.1 0.219
33.0 51.0 16.0 0.210
27.7 48.0 19.2 5.1 0.203
235 46.0 26.5 4.0 0.171
18.9 47.3 29.8 4.0 0.154
17.2 438 28.8 34 6.8 0.142
15.7 459 274 3.1 7.9 0.129
15.8 46.5 26.5 2.7 8.5 0.122
14.5 44.2 23.8 2.4 6.7 8.4 0.116
147 41.0 23.0 29 7.0 11.4 0.110
15.2 39.8 228 2.7 7.0 12.5 0.103
13.0 39.6 24.2 2.8 7.0 13.4 0.097

Partial oscillator strengths for individual ionic states
can be obtained from the product of the branching ratio
(given in ?) and the f, value given in the last column

of the table. Oscillator strengths in (eV)-! can be con-
verted into cross sections in Mb (10-!% cm?) by multiplying
by 109.75.

The above data were taken from A. Hamnett, W. Stoll, and
C.E. Brion, J. Electron Spectrosc. 8, 367 (1976).
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s lar Data D=0 15

Chotogbsarption and Partial Photionization Oscillator
Sections) for CO
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Total M1

X
0K

369
3163
4 46
4.60
3.84
3.73
3.74

transitions.

Brion and K.H.

Total
phuh|.|h\u,v[~:|un
(o Sev

31144
1218
30 2<
249 1¢
276
278
2697
2633
2597
28 8]
2441
2469
2418
2418
2.3
20006
19.04
18.04
16 31
14 94
1476
14 49
14 40
13.94
131
12.03
11.02

Tan, Chem.




Tabular Data D-2.16

Photoabsorption and Photofragmentation Oscillator
Strengths (Cross Sections) for CO

Laergy
[[a

p}

3o

68
70
72
74
7%
78
B0

a(107'® em?) « 109 75 dy/df (ev™!)

Reference: These data were taken from A.P. Hitchcock, C.E.
and M_J,
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Phatoabsorption and Partial Photoionization Oscillator

Strengths (Cross Sections) for N 0

Partial osodlator strength (1072 eVh

1o 20
P
T
RS
N =
X X0
bl
X 43
T34
6 89
&35
628
16
26
18
14
60
44
26
R
322

2958

FUN I SR I I -

PN

18.24

15 2]
1263
834
6 08
SoR
S 44
S
492
4 88
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436
imn
302
29S8
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.20

3
3

[ N r]
-
<

02

>
<

1.86
1.5
185
1.15
98

P TS gk e h

Note:

Reference:

MET refers to multiple electron

These data were taken from C.E.

B

6 30
9.02
867
8.32
807
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7.1
706
6.90
6 8O
6.72
6.33
6.20
5.40
4133
4.1
3.75
3.52
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20
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175

Phys. 34, 141 (1978).
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1.60
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24 eV

0.8S
1 64
1.36
1.86
182
1.81
1.82
1.73
1.08
1.18
0.7s
1.43

0.8S
095
062
059
087
0.97
(.52
0.46
0.66

3.83 10.93

Jotal
- ahsarption
Towl MET attev
41 46
3T OB
6 08
1338
31 98
29 89
2861
%S 28 34
] 64 27133
136 2718
1 86 26.51
1.82 2618
132 258 58
228 2533
2.72 237
3.02 2159
29S8 19 68
299 18 68
322 17 .86
2.82 17 59
3s6 16.95
317 15.85
3.43 15.58
386 14 85
343 14.31
3.72 13.76
3.88 12.94
367 11.48

transitions.

Brion and K.H. Tan, Chem.
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Tabular Data D-2.23

Photoelectron Branching Ratios (%) for Various States in the

Photoionization of N..O and CO,

Photoclectr: a branching ratios (%) for electronic states of N;O* Photoelectron branching ratios (%) tor elect:onic statesof CO3
Energy X711 At BIm C'z' 24eV Toul Frergy xn, AlngBlz, iz, Total
(eV) MET (eV) MET
17.1 56 44 - - - - 21.2 28 66 6 -
19.0 42 41 17 - - - 22 26 65 8 -
196 41 35 25 - - - 23 30 59 11

212 35 25 26 15 - - 24 35 56 9

22 33 19 26 22 - - 25 36 54 10

23 33 19 27 21 - - 26 36 52 9 4
24 34 19 27 21 - - 27 3s 52 10 4
25 16 18 b 16 3 3 28 31 50 14 S
26 35 18 26 16 6 6 29 31 50 13 6
n 36 18 26 16 N S 30 29 49 13 9
28 36 17 26 15 7 7 31 31 46 15 7
29 34 19 26 14 7 7 32 30 47 N 8
30 34 18 26 14 7 9 34 32 44 16 8
32 34 18 25 14 6 9 36 30 43 13 13
34 34 15 25 15 7 il 38 28 45 14 14
36 34 14 25 14 S 14 40 29 44 13 14
18 35 15 22 14 6 15 41 31 43 10 16
40 34 15 22 14 4 16 42 30 43 10 16
41 3 13 21 14 8 18 44 30 42 10 18
42 35 s 20 15 6 16 46 29 43 8 20
44 31 13 20 15 S 21 48 28 39 7 25
46 32 14 19 [N 6 20 50 28 38 9 25
48 33 13 17 15 4 22 52 27 34 8 31
S0 31 11 18 14 4 26 54 24 34 9 33
S2 3 13 17 15 4 24 56 27 33 10 29
54 31 1 16 15 7 27 58 28 32 10 31
56 28 12 17 13 4 30 60 26 30 10 34
58 28 10 17 14 4 32 - - —

60 27 9 6 35

Note:

Reference:

|
l
|
|

MET refers to multiple electron transitions.

These data were taken from C.E. Brion and K.H. Tan, Chem.
Phys. 34, 141 (1978).
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Photoionization branching ratios for CO. and N.Q.
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Reference:

Tabular Data D-2.25

Photoabsarption Cross Section for NO
{Units of 10747 cm’)

1A

6728
66k ()
660 ()
68748
656 8
6840
6<%
asl o
6500
646 <
630 0
6300
6250
6220
6190
6170
616
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6llo
610
6078
6l S
601 &

a(Mby
189
192
19X
201
NN
20
210
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22K
219
NE
MR
218
219
22k
237
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259
256
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21K
26

ne

sA)

6000
£750
Sso0
250
S(Er
4750
45000
4250
40
1750
1800
1250
kit
2780
2500
2250
2000
1900
1800
1700
1600
1500
1400
1300
1200

alMb
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242
217
230
212
Mo
1K K
175
1S K
14§
132
120
108
KX
69K
635
578
518
457
401
149
J9K
251

) /1AL

ailMby

j1oo
LI
900
800
00
600
SO0
4010
150
00
250
200
150
9 RY
B 269
6199
4153
310
24K
2066
1550
1240
K27
062

208

1 65
1
10
074
0s1
03
019
0136
07
050
06X
033
0109
0067
0030
00091
Q0023
0.0020
00011
00008
00002
0.0001]
O (KKK}

These'data vere taken from J. Photoabsorption,
Photoionization, and Photoelectren Spectroscopy (Academic

Press, New York, 1979).
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Graphical Data D-2.27

Quantum yield of ionization for NO.
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Tabular Data D-2.30

Partial Photoionization Oscillator Strengths
(Cross Sections) for the Valence Orbitals of

H.0

Energy Oscillator strength 11077 Vo1 2}

(eV) ———ee s oo - : s
1b, 3 1b,y 24y

16§ 6.06 7.40

17.8 7.13 773 6.44

22.5 567 529

238 550 4.96 6.08

245 5.8 4.83 6.0

25.5 5.07 4.65 5.64

265 4.43 4.60 5613

27.8 46! 4.56 523

28.5 4.37 4.358 519

295 3.94 imn 5.22

30.5 398 3.79 473

315 3.89 141 4.60

325 392 i 434

R 3.26 2.96 343 0.96

36.5 3.37 2.70 300 0.96

RY 3 259 273 1.02

385 291 2.60 272 0.86

398 305 258 2.44 0.86

405 2.78 2.32 2.58 0.92

41.5 268 21s 261 0.77

425 271 230 2.09 0.85

43.5 2.61 218 1.97 0.90

44 .5 238 2.04 212 0.93

455 2.27 2.09 1.98 0.75

46.S 218 1.87 1.88 0.91

475 212 1.86 1.78 0.88

48.5 2.14 1.76 1.81 0.81

49.5 2.08 1.80 1.6} 0.82

50.5 191 1.80 1.62 0.87

51.8 2.01 1.82 1.46 0.79

52.5 2.11 1.66 1.42 0.89

535 1.72 1.34 1.50 0.87

54.5 162 1.62 1.37 0.76

555 1.57 1.49 1.34 0.84

56.5 1.60 1.47 1.32 0.64

575 1.45 1.49 1.24 0.80

585 1.51 1.40 1.31 0.68

60.5 1.32 1.22

1.31 0.87

310718 cm?) = 109.75 df/dt eV Yy

Reference: These data were taken from K. Tan, C.E. Brion, Ph. E. Van
der Leeuw, and M.J. Van der Wiel, Chem. Phys. 29, 299 (1978).
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Reference: These data were taken from K. Tan, C.E. Brion, Ph. E. Van

der Leeuw, and M.J. Van der Wiel, Chem. Phys. 29, 229 (1978).

3063

ik mmC T o g e~ et —




2 .
ua“‘, *Si's) ‘e

M)

o
TR —— 1 e Y_‘V‘T‘YYY?A AR
i
) . - Rl
- ~ -1
& » A
B > e 8 =
7 ~ &
Py n Ty
S Wy
-~ [
- h=}
By o
= =z
Fy < =
AU
v o
-
n
il
&
~
I~ I
- * N
. T
+o *
- -
S —
- 3
. T
o
— ~a
N: —_
- b |
“»
93
- pey —
€ |
. e
. S oo
- B TN B S
B woaaaand .

LR

v

Graphical Data D-0.737¢

Photoabsorption crose section of SF, .

3964




g —

T

IYYYYY

TTrTTTOY

000! 008 009 00w ‘ 002 ‘ 0o A

i
3065

=

5

g b

Ny & 7

1\ (o] uo
v 1 Or - — Ol
* -:- ) . R
. v

¢ <¢<4< , Q
LSRR . e t 17 %
— [ . e T B ’ . o
. nee - > . —

°f LR aﬂwf?wmn«m&w- - -

- . ’ 4~

.. v

: R

- P

r 11
ot . J 300

|

LTS MEITE

,len) 0Xd - -0 m_z ,




wlrrvﬁrv.rl‘rftl'trrr
- o

E

(3]
% VAWV,
[ \/

; U
z

o

-

o 9

W

N

§°.l

(-4

(8]

| W N VN WY W SHNN NN SUNNS VU SHN W S RN SR SAN W
100 1o 1200

WAVELENGTH (A)

Graphical Data D-2.34

Photoabsorption () and photoionization (uj) cross sections for
NH -,

3066




——

BN 403 SUO11Das $$040 (t.) uorieziuoiojoyd pue (¥.) u013diosqeoloyd

Gez-0 PIeQ [PLrydrUY

(§) HIONITIAYM

OS] olo]} 0G0l 000l
_ _ T 710 w
0p)
O
- S 3
-
O
0 ~ol <
O
O
QO
- 51 @
_.nm
- -102 §
O
5 P
- O —5¢ =
_ _ _ _ S

3067




[ -1
Ga e e

SECTICN

CROSS

IONIZ ATION

PHOTON ENERGY UN ev)

LT e

« o _
A} T30

| |
l ".’\‘..., L 2-0

Y }
‘%TL .

-}
]

A L

NAVE  UNSTH (A)

106 104 1072

T 200 ¢




Tabular Data D-2.37

Photoabsorption and Partial Photoionization Oscillator Strengths
{Cross Sections) for NH,

Energy(eV') Oscillator Strengths (eV-1)¢ Absorption
3 e 2a dfoldE®

15 0.065" — —_ 0.303
16 0.065 — — 0.315
17 0.063 — — 0.312
18 0.062 0.193 — 0.298
19 0.057 0.234 — 0.291
20 0.055 0.217 — 0.272
21 0.052 0.209 — 0.261
22 0.049 0.196 — 0.245
23 0.050 0.183 —_ 0.233
24 0.048 0.170 — 0.220
25 0.048 0.154 — 0.202
27 0.047 0.133 — 0.180
30 0.041 0.11t — 0.152
32 0.036 0.093 0.006 0.135
34 0.029 0.079 0.013 0.12]
36 0.026 0.070 0.013 0.109
a8 0.026 0.065 0.011 0.102
40 0.021 0.056 0.010 0.087
42 0.02! 0.047 0.011 0.079
44 0.017 0.044 0.011 0.072
46 0.017 0.939 0.010 0.066
48 0.017 0.032 0.010 0.058
50 0.017 0.028 0.011 0.056
s Tow! orption oscillator strength

b dfydE tor 3a; can still be computed below 19 ¢V where i < | from the raw data using dfo/d£ and
the ionization data where ), 1.
¢ Partial ionization cross-sections (Mb) may be obtained by multiplying by a factor 109.73.

Reference: These data are from C.E. Brion, A. Hamnett, G.R. Wight, and

M.J. Van der Wiel, J. Electron Spectrosc. 12, 323 (1977).
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Tabular Data D-2.38

Photoabsorption and Photoionization Oscillator Strengths

(Cross Sections) for NH,

eV Fragment NH; (“,)
Energy -
(eV) Absorption NH, NH; NH* N H*
10 0110
11 0204 0060
12 0204 0087
13 0162 0-083
14 0240 0091
15 0303 0121 0
16 0315 0137 24
17 0312 0114 100
18 0-298 0107 158
19 029} 0106 170
20 0272 0009 173 w2
21 0261 0-096 168 02
22 0245 0000 164 02
2 0233 0088 164 02 05
24 0220 0-081 163 03 08
25 0202 0075 167 12 12
26 0192 0074 161 21 IS
27 0180 0068 154 44 30
28 0166 0065 156 55 0?2 52
29 0162 0059 158 68 03 69
30 0152 0057 153 77 0 94
3 0141 0054 154 85 07 ?
32 0135 0050 148 8 % 1o 16
33 0127 0048 146 92 12 126
u 0121 0045 145 98 17 14-4
35 0110 0042 146 n 22 171
36 0109 00 14} 106 K] 178
37 0105 0038 142 118 21 179
38 0102 0036 141 120 22 194
39 0092 0013 141 128 20 204
40 0087 0032 139 133 2 247
41 0086 0030 141 140 3 235
42 0079 0029 138 144 27 258
43 0075 0027 137 149 28 2713
44 0072 0026 136 154 30 288
45 0069 0024 139 167 32 324
46 0066 0023 136 163 34 307
4 0062 0022 137 171 34 314
48 0058 0021 135 177 a3 RER
9 0059 0020 136 194 IR 342
50 0056 0019 135 192 3K 400
51 0054 0018 133 198 44 378
52 0053 0017 133 193 40 w2
$3 0051 0017 134 213 43 410
54 0049 0016 132 214 42 89
1] 045 0015 136 214 45 466
$6 0044 0015 132 2K 50 430
§7 0041 0014 130 241 53 449
58 0039 0013 129 224 <5 460
59 0039 0013 13 250 56 494
&0 0042 0012 129 222 57 49
Note: (10718 em?) = 109.75 x fo (eV~1)
Reference: These data are from G.R. Wight, M.J. Van der Wiel, and

C.E. Brion, J. Phys. B 10, 1863 (1977).
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Tabular Data D-2.39

Photoelectron Branching Ratios ( ) for Yaricu
States in the Photoionization of Ny

Energv(el’) 3a; le 2u
18 243 75.7

19 19.5 80.5 .
20 20.1 79.9 __
21 20.1 79.9 —
22 20.2 76.8 -
23 21.3 78.7 —
24 22.6 77.4 -
25 236 76.4 a

27 26.3 73.7 8

30 27.2 72.8 a

12 264 69.2 4.4
34 23.6 65.3 11.0
36 24.0 64.2 11.7
IR 254 64.2 10.4
40 24 1 64.1 117
42 27.2 59.0 138
44 234 61.4 152
46 25.6 59.0 15.5
48 28.8 54.4 16.7

50 29.6 50.8 19.6

& Not measured.

Reference: These data are from C.L. Brion, A. Hamnett, G.P. Wiaht, and
M.J. Van der Wiel, J. Electron Spectrosc. 12, 323 (1977},
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Tabular Data D-2.41

Photoabsorption Cross Section for CH,

A a(\Mb) ALY aiMb)

ARY) 0263 4250 160

L) 1 S50 1500 186

4096 1 06 4750 210

444 Ho6l7 SO0 0 232

[XRI 0148 S250 252

7220 0208 SS0 0 X0

X1 9% 0276 3750 W03

1ox 65 0350 600 () 310

139 &0 1049 6250 145

164 60) 1832 6500 360

190 1} 219 6750 RO

2308 43 7000 400

7250 40

2780 AR S04 460

AKHD) h9 7750 465

. 250 %S X000 480
M [0 142 X250 8.0
3780 120 8500 490

40010 140 X750 S1O

900 0 S10

| 9250 R
{ 950.0 475
! 9750 415
GRS 1) W

Reference: These data were taken from J. Berkowitz, Photoabsorption,
Photoionization, and Photoelectron Spectroscopy {Academic

Press, New York, 1979).
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Quantum yield of ionization for CH,.
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Quantum yield of ionization, nj, for C.H.-.
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Quantum yield of ionization, nj, for CyHg.
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Photoionization cross section of CgHg for production of C6H6+.
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Cross sections for various emissions from HCN photodissociation.

E (eV) {
11.81 11.27 10.78 10.33 9.92 !
TfTY_T L) IT LR ﬁl“' T T 7 1 L ‘
140 3
- HCN
- ¢ .
g 120 :— _.— i
Z = -
=} . .
5 100 |- -
w - -1 i
; [ |3do Il 300 ™ 130 i .
€ 80 |- -
(8] - -
2 - -
=] [ ] {
& 60 |- —
o ~ E
2 I ] !
£ ol ] |
o 40 - - i
Q . '
I ~ !
= 4 . t
20 — ;
8 1 '
- -1 [
0 14 1 1 l D l | l 14 4 1 L1
1050 1100 1150 1200 1250

. WAVELENGTH (A)
Graphical Data D-2.58

Photoabsorption cross section of HCN with the positions of various
electronic states indicated.
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Graphical Data D-2.63

Photodissociation cross sections for three trimethylbenzene isomers
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Relative photoabsorption cross section of Br., decomposed into
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Graphical Data D-2.66

Relative photoionization cross sections of N,0 for production of
various ions.
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Graphical Data D-2.68

Relative photoionization cross section of SF¢ for production of
various ions.
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Relative photoionization cross section of CH.OH for production
of various ions.
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Relative photoionization cross sections for CH;COCH;
and CD3C0CD3.
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PHOTOABSORPTION, PHOTOIONIZATION, AND PHOTODISSOCIATION CROSS SECTION
OF MOLECULES AND POSITIVE MOLECULAR IONS (DIMERS AND EXCIMERS)
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Tabular Data D-3.5

. C . + + +
Photodissociation Cross Sections of Ne, , Ar, , Kr, ,
and Xe,' Dimer Ions

Ak Ne,’ Ar) Kry" Xe,*
5309 <0.012 0.033 »0.004 0.028 £0.,005
5208 <0.028 0.026 £ 0.006 0.022 0,004
4825 0.024+0.012 0.100£0.014 0.102+0.011
4762 <0.11 0.035+0.016 0.1220.013 0.147:0.016
4680 0.082 £0.022 0.203+0.022 0.244 +0.024
4579 0.130£0.012 0.39 £0.03 0.64 10.03
4131 <0.09 1.05 :0.10 3.18 +0.28 5.50 £0.55
4067 1.80 +0.17 3.63 £0.37 7.32 +1.33
{3569 1.930.20 13.3 sl 248 219 29.6 :2.0
3507

Note: Ne2+ and Ar2+ were measured at 10 Td, and Kr2+ and Xe2+ at 20 Td.

Reference: These data were taken from L. C. Lee and G. P. Smith, Phys.
Rev. A 19, 2329 (1979).
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Graphical Data 0-3.10

Partial photodissociation cross section for HeH+ by electronic excitation
from the vibrational level (a) v = o and (b) v = 8 {with j = 1).
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Partial photodissociation cross section for HeH+ by vibrational excitation
from the vibrational level v = 8 (with j = 1).
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Tabular Data D-4.13

Photodestruction_Cross
for NO. , NO: , O.

Section Upper Limits
-NO, and Hydrates

Etevy A (h NO; NO; - KO NOJ NOj - 1,0 0; - NO 03 - NO - H,0
1.503 8250 <0047  <0.072
1.653 7500 <0.041 <U.036
1.746 7100 <0.054

2.335 5309 «<0.029 <0.014 <0,01} <0.10

2,381 5208 0.023+0.009 <0.026 <0.054 <0.10

2.569  48Y5 <Q.046 <0.075 <0.22

2.603 4762 <0.095 <0.092 <0.12

2.649 4680 <0.071 <0.106 <0.16

2.708 4579 <0.045

3.001 4131 0.16¢0.03 <0.074 <@.10

3'.7? 3?64 1.23:0.16 0.10¢0.03 0.41:0.08

3.335 3507

Reference: The above data were taken from G. P. Smith, L. C. Lee,
and P. C. Cosby, J. Chem. Phys. 71, 4468 (1979).
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Tabular Data D-4.14

Photodestruction Cross Sections_for C¢,7,
Ct0, Cu, , and Br Cy»

A UA) c1- clo” Ci; BrCl®
B0 5130 3.0610.32 6 721060 3.29+0.2%
3o649

067 14.9-1.1 3.44:0.82

4131 10.8:0,4 3.6410.30 V.TY 00T L9420
457y 3.5500.42

EYN 2.41 10,28 2.77+0,32 < 0.3 U.30-0,12
4762 1.64-0.19 1.7510.25 < 0,24

4760 LBy 0. 20

An20 1.46 -0, 18 1.44+ 0,24

EE-1H 1.19- 0,13 I,b2ru. 27

H000 U, 990,12

o4l U.43:0,006 0.8270,32

S2ur 0.39+0.03 U.60:0,11 U l4

FRIE 0.2%5 0,03 0. 44 10,0t 0.1 u. ot

obrd 0.11+0,05 0.23

6471 0.25+0,03 0.11+0.0% <0.02 U, 08

6764 V.37 : 0,04

7520 U, 512000 V.01l

Reference: The above data were taken from L. C. Lee, G. P. Smith, J.

Moseley, P. C. Cosby, and J. A. Guest, J. Chem. Phys. 70,
3237 (1979). o
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Betinitions and Rel ationships

| ettt o obec ity o clertrons averase velocity along the field
direction i s eaponed Lo constant o anitorm clectric Dield
[ ool by espressed inoanits ol cm/ ses
ol
SooMobility of the electrons, detined by K= v]/H. K ois usually
¢

Coprored Tanoen SV-aee

FO et ion ener ey paramceter s rabio b the electric tield intensity
oo the s namber densites BN is usualbly ocxpressed inounita ot
. 2 )
Voo L o in downsends, where DOTd o= 10 Vecm .
=17 2
P it or B/, tie "Townsend! = 10 V-cm .

b Dittusion cocftficient ot the clectrons. A scalar at low E/N, D is
then relarod to the mobility by the Einstein (or Nerust-Townscend)
re lation t /KT, where T is the gas temperature, ¢ the clectronic

choaroe, cmd ko othe 2odto aon constant. At higher E/N, D is a tensor

quiant iy,

le The component ot the diffusion tensor perpendicular to the electric
e ld.
“I Fhe component ot the diffusion tensor parallel to the electric
otiedd.

Ui/K Al b /E are measures of the average electron energy at a given

/N In the limit E/N - 0, D =D, =D, the scaler diffusion

L j)
coctticient.,
Fhe 1ot Townsend fonization cocfficient. Usually it is expressed

9
ooy Wi then has anits of em .

a0 e vlertron attachment coefficient, usually expressed as a/N,
/
which has mits ot em .

Por electrons inoa o sdlven pas at g given temperature, v x NK, NI)l N NI)1,,
¢

SN, /N, aod the average electron energy are tunctions of /N alone,
being the gas nomber density,

Bt ore abont 1970, the energy pardineter was usunally expressed in terms
o1 b/, whero s the pas pressare in units of torr. To convert from

L ton Boe, o s ase the rolation

-
/N Cin Td) (1.035%4 - T - 10 7y (1/pr where T is the gas temperature.
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Table E-1.1. Sources of Electron Mobility Data Not Presented in Previous Volumes.*

ELECTRON MOBILITY

Gas Est. Gas Approx. E/N (Td) Ref.
Temp (°K)
Cs 310 - 414 4 - 110 10
566 - 725 1 - 50 2
Hg 468 - 608 0.07 - 14 8
Na 724 - 862 2 - 70 8
T1 1213 - 1273 0.6 - 15 8
Xe (high density) 163 - 288 1074 - 0.2 6
CH, (high density) 91 - 193 1074 - 0.2 5
BF 300 5 - 70 1
C.Hy \s 298 - 673 0.01 - 10 7
(n = 2,3,4)
C(CHy), 298 - 673 0.01 - 10 7
CC1F, 300 2 - 30 3
CH,C1, 300 2 - 30 3
CH4C1 300 2 - 30 3
C,HC1 300 2 - 30 3
C,HyBT 300 2 - 30 3
He - F, MIX 300 3 - 15 9
N, - CO, MIX 300 3 - 93 11
Xe - CF, MIX 296 0.3 - 10 4
Xe-C,H, MIX 296 0.3 - 10 4
Xe-CF,-CyH, MIX 296 0.3 - 10 4

A substantial amount of electron swarm data has already been presented in
previous volumes: sce pages 717-732 of Vol. I1 and pages 2081-2108 of Vol. V.,

3139




=<

Lo.

y—
—

Rt

oA Biscline, Jdro, Rev. Sci. Instrum 19, 842 (1948).
I 1. Chanin and R. D. Steen, Phys. Rev. 136, Al38 (1964).

.. G, Christophorou and A. A. Christodoulides, J. Phys. B 2,
fL(1969) .

I, w. Christophorou, b, V. Maxey, D. L. McCorkle, and J. G.
Cartes, Nucl., Instrum. and Methods 171, 491 (1980).

W, Gee and G. R. Freeman, Phys. Rev. A 20, 1152 (1979).

5. Huang and G. R. Freeman, J. Chem. Phys. 68, 1355 (1978). .
D. L. McCorkle, L. G. Christophorou, D. V. Maxey, and J. G.

Carter, J. Phys. B 11, 3067 (1978).

Y. Nakamura and J. Lucas, J. Phys. D 11, 325 (1978).
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Table F~1.2. Sources of Electron Diffusion Data Not Presented in Previous

Volumes.,

ELECTRON DIFFUSION

Gas Data Approx. E/N (Td) Ref .
He DT/K,,/N 3 - 847 1
Ar DT/K, u/:\:‘ 8 - ].271. 1
CO DT/K 5 - 350 3
NO DT/K,\uN 56 - 1412 1
co, DT/K 5 - 180 3
DT/K’ 30 - 5000 2
CH, DT/K,ldN 14 - 5650 1

References to Sources in Table E-1.2.

1. €. S. Lakshminarasimha and J. Lucas, J. Phys. D 10, 313 (1977).
2. J. Lucas and H. N. Kucukarpaci, J. Phys. D 12, 703 (1979).

3. W. Roznerski and J. Mechlinska-Drewko, Phys. Lett. 70A, 271 (1979).
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Definitions and Relat ionships

Y = Dritt velocity of ion = averape velocity ot dritt of ion ;|](m)v‘
tichd Tines in o vas exposed to o constant, vnitorm electric

1

vield . Yy is usually expresse!

in om/sec,

the cquat ion vy T KoE. K
¢

K = Mobility or don, detined by
ustual Iy expressed in oem” /V-sec,

K = Reduced mobility ot don mobility of ic . reduced te S.T.P.,
det ined by the equation

o J6n T A

where pois the gas pressure in torr and T is the gas temper-
ature in degrees Kelvin at which K was measured.

[
273,16
P o= Reduced pressure = SIS0 p
o 1 o
E/N = lonic energy parameter = ratio of electric field intensity to
gas number density.  E/N is usually expressed in units of
3 2
(volts/em) / (1/em™) =V - cm”™,
K)(O) = Zero-field reduced mobility = K, in the limit E/N - O.
3
. - e e " -17 2 !
I'd = Unit of E/N, the "Townsend" = 10 V—cm™. i
, . S 4 e e
vy o< 0.0269 - {(E/N) - KO, where vy is in 10 cm/sec, E/N is in Td,
N B
and K() is in (m /V - sec.
D 0 0
- 0 D, O o L
b = = jonic diffusion tensor.
) q] b
DI = (Scalar) longitudinal diffusion coefficient = coefficient of
diftusion along electeic field.,
0D, = (Scalar) transverse difiusion coefficient = coefficient of
diffusion tranverse to electric field.
In the limit E/N - O DI = DT = D, the scaler diffusion coefficient.
For a particular ionic species in a given gas at a given temperature,
A nK, ND[, NDT‘ and the average ionic energy are functions of E/N alone.
€ .
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Table E-2.1. Sources of lon Mobilitx Data Not Presented in Previous Volumes.*

Ions in Helium

Ion Gas Temp (°K) Approx. E/N (Td) Ref(s).
Ht 300 5 - 60 17
o' 300 5 - 70 | 17
Het 77 - 700 low-field 5, 28, 30
Lit 20 - 500 low field 16
ct 297 5 - 110 9
Nat 90 - 480 low field 32
st 297 5 - 110 9
it 300 low field 18
cd’ 526 low field 20
cst 80 - 490 low field 32
Tht 300 low field 18
Ne't 300 15 - 90 19
artt 305 10 - 100 19
ket 305 10 - 90 19
xe't 302 10 - 90 19
Hey 293 5 - 40 15
120 - 700 low field 30
Ne 300 5 - 50 3
77 - 300 low field 8
HeNe't ? low field 33
(cu)* 300 5 - 100 36

(n =°1,2,3,4,5)

sozFé 300 low field 31
sozpi-(soz) 300 low field 31
F‘-(SF6) 300 low field 31

*
A substantial amount of ion swarm data has already been presented in previous
volumes: see pages 733-748 of Vol. I and pages 2109-2116 of Vol. V.,

3146

e




Table E-2.1 (continued)
ION MOBILITY

Ions in Neon

Ion Gas Temp (“K) Approx. E/N (Td) Ref (s) .
He' 77, 200, 300 low field 8
Ne© 77, 200, 300 low field 5
Ar’ 77 10 - 20 15
Xe' 303 20 - 140 19
xet™ 303 20 - 140 19
Hey 300 5 - 50 3
Ne) 77 10 - 55 15
77, 200, 300 low field 5
Ny 300 low field 24
Ions in Argon
ArT 77 15 - 90 15
77, 200, 300 low field 5
Kt 291, 400, 460 low field 16
ar't 77, 200, 300 low field 5
H; 300 10 - 110 25
arit 300 30 - 110 25
Ar) 77 50 - 100 15
Hy0 - (H,0) 337 low field 38
n=1,2,3
ReOj 295 15 - 200 4
ReO;, 295 15 - 200 4
(WO,) 295 25 - 160 4
n=1,2,3
Hy0" 337 30 - 110 38
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Gas Temp (“K)

Table E-2.71 {continued)
ION MOBILITY

Ions in Krypton

Approx. E/N (Td)

Ref(s).

291 low field
30N 5 - 500
195 - 455 low field
295 5 170

[ons in Xenon

91 Tow Field
e S
200 - 450 low 1ield
300 40 - 230
200 - 300 low field
200 - 300 low field

lons in Hydrogen

77, 195, 300 low field

300 5 - 140

26, 37
35

L¢

L




@]
—

(@]
i

NO

NO

(@)
o
Lol PO o

Na

NO

Gas Temp (“K)

291

300
300
340
300
215
215
215

304

330
300

300

300

300

300

307

640
640
470
470
675
675
675

470
470

470

lable £-72.1 {(continued)

ION MOBILITY

Ions in Nitrogen

Approx. E/N (Td) Ref (s).
low field 26, 37
low field 10
low field 10
low field 12
low field 12
low field 11
low field 11
low field 11

Ions in Oxygen

5 - 500 34
low field 12
low field 12
low field 27
low field 12
low field 31
low field 31

Ions in Carbon Dioxide

35
25

40
30
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fable £-2.1 {concluded)
ION MOBILITY

Ions in Methane

ton Gas Temp (7K) Approx. E/N (Td) Ref(s) .
.+

Li 304 10 - 600 34

SF; 300 low field 31

SFé 300 low field 31

Tons in Sulfur Hexafluoride

S 300 5 - 140 29
SF 300 5 - 140 29
SF;~(SF6) 300 20 - 120 29
SF; (SF.), 300 20 - 120 29
Ions in Metal Vapors
,?9? - Gas Gas Temp (“K) Approx. E/N (Td) Ref(s).
Rb™ - Rb 621 85 - 340 23
RbT - Rb 621 85 - 340 23
cs™ - Cs 580 - 650 20 - 480 7. 23
cS’; - Cs 580 - 650 60 - 480 7. 23
Het - Hg 350 low field 1
500 210 - 570 22
Hg*z’ 500 110 - 325 22
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10.

11.

12.

13.

14.
15.
16.
17.

18.

19.
20.
21.

22.
23.
24,
25.

O 00 N O W

References to Sources in Table _li\—.Z_._li.

Ton Mobility References

M. A. Biondi, Phys. Rev. 90, 730 (1953).

M. A. Biondi and L. M. Chanin, Phys. Rev. 94, 910 (1954).

M. A. Biondi and L. M. Chanin, Phys. Rev. 122, 843 (1961).

R. E. Center, J. Chem. Phys. 56, 371 (1972).

L. M. Chanin and M. A. Biondi, Phys. Rev. 106, 473 (1957)

L. 1. Chanin, Phys. Rev. 123, 526 (1961).

L. M. Chanin and R. D. Steen, Phys. Rev. 132, 2554 (1963).

G. E. Courville and M. A. Biondi, J. Chem. Phys. 37,.616 (1962).

I. Dotan, F. C. Fehsenfeld, and D. L. Albritton, J. Chem. Phys. 71,

4762 (1979).

F. L. Eisele, H. W. Ellis, and E. W. “McDaniel, J. Chem. Phys. 70
5924 (1979).

F. L. Eisele, M. D. Perkins, and E. W. McDaniel, J. Chem. Phys.
73, 2517 (1980).

H. W. Ellis, F. L. Eisele, and E. W. McDaniel, J. Chem. Phvs. 69.
4710 (1978).

I. A, Fleming, R. J. Tunnicliffe, and J. A. Rees, J. Phys. B 2,
780 (1969).

H. Helm, Phys. Rev. A 14, 680 (1976).

H. Helm and M. T. Elford, J. Phys. B 11, 3939 (1978).

K. Hoselitz, Proc. Roy. Soc. (London) Al77, 200 (1941).

F. Howorka, F. C. Fehsenfeld, and D. L. Albritton, J. Phys. B 12,
4189 (1979).

R. Johnsen, F. R. Castell, and M. A. Biondi, J. Chem. Phys. 61,
5404 (1974) .

R. Johnsen and M. A. Biondi, Phys. Rev. A 20, 221 (1979).

M. Kamin and L. M. Chanin, Appl. Phys. Lett. 29, 756 (1976).

T. Koizumi, N. Kobayashi, and Y. Kaneko, J. Phys. Soc. Japan 43,
1465 (1977).

F. R. Kovar, Phys. Rev. 133, A681 (1964).

Y. Lee and B. H. Mahan, J. Chem. Phys. 43, 2016 (1965).

T. D. Mark and H. J. Oskam, Z. Physik 247, 84 (1971).

K. B. McAfee, D. Sipler, and D. Edelson, Phys. Rev. 160, 130 (1967).
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26.
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O

31.
32.
33.
34.
35.

36.

37.

38.

ION 1OBILITY

References (continued)

E. W. McDaniel and E. A. Mason, The Mobility and Diffusion of

lons in Gases, (Wiley, New York, 1973).
G. McKnight and J. M. Sawina, Phys. Rev. A 4, 1043 (1971).
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lable E-2.2, sources of lon Diffusion Data Not Presented in Previous Volumes,

ION DIFFUSION

Ion - Gas Measured Gas Temp Approx. E/N Ref .
Quantity (°K) (Td)
HeT - He D 293 low field 2
He; - He D 293 low field 2
(cnn)+ - He D, 300 5 - 100 4
n=20,1,2,3,4,5
+
Na - Kr DL 300 5 - 500 3
Nat - xe D, 300 5 - 400 3
+
Ny - N, Dy 300 10 - 100 1
+
N, - N, Dy 300 10 - 100 1
of - o D 300 10 - 500 1
2 2 T
cot-co - co Dy 300 10 - 130 1

References to Sources in Table E-2.2

1. S. R. Alger, T. Stefansson, and J. A. Rees, J. Phys. B 11, 3289 (1978).

R. Deloche, P. Monchicourt, M. Cheret, and F. Lambert, Phys. Rev. A
13, 1140 (1976).

3. M. G. Thackston, M. S. Sanchez, G. W. Neeley, W. M. Pope, F. L.
Eisele, I. R. Gatland, and E. W. McDaniel, J. Chem. Phys. 73, 2012 (1980).

4. R. Thomas, J. Barassin, and A. Barassin, Intl. J. Mass Spectrom. and
Ton Physics 31, 227 (1979).
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V3. Paterences to ton Transport Data Appearing in Compilations

md e [Atomice Data ;nd Nuclear Data Tables 17, 177
Gl 179 (1978) .

Mot Mt des (K)

Art fnoar. v b Cst 1o Ar. 11 - pg. 193 Het in Ne. I - pg. 195
fn e 1o il 189 fn €O, 11 - pg. 204 Hp0* fn He. 11 - pg. 188
ArtY tn a1 . 196 fu CO,. 11 - pg. 204 H50% {n He. IT - pg. 188
Act N e ArL Tyl 195 fn Hy. IT - pg. 200 in Np. II - pg. 201
AR A 1T pgl 195 {n He. 1T - pp. 187 H30%Hp0 in He. IT - pg. 188
Ara® taoAr. 1 - pg. 198 tn Kr. Il - pg. 196 in Np. IT - pg. 201
ATH® tn He. 1 - pg. 187 fn Np. IT - pg. 201 H30%:200 in He. 1T - pg. 188
Br™ in Ar. Il - g, 194 in Ne. IT - pg. 191 in Nj. IT - pg. 201
tn Heo 11 - pp. 190 in 07. II - pg. 203 17 in Ar. II - pg. 194
c* tn 0. 1 - pp. 208 in Xe. II - pg. 198 in He. IT - pg. 190
CHg* fn Me. 1 - pg. 190 b* fn Dy. T - pg. 202 K in Ar. I - pg. 197
CoHp™ {n He. T - pg. 192 in He. T - pg. 184 in CH,. II - pg. 204
CHy0,* fn He. T - pg. 190 in Ne. I - pg. 195 in CO. 1 - pg. 207
Ce” in Ar. 11 (2)~ pp. 194 D}+ in D3. 1 - pg. 202 in CO,. I - pg. 209
fn He. T- 190, 11- 190 F in Ar. II - ppg. 194 in Dy. T - pg. 203
in Kr. IT - pp. 196 in He. IT - pg. 190 in Hy. T - pg. 202
In Ne. I1 - pp. 192 in Kr. IT - pg. 196 in He. T ~ pg. 183
in Xe. IT - pg. 198 in Xe. II - pg. 198 in Np. I - pg. 204
cot in CO. 1 - pg. 207 H* in Hy. T - pg. 200 {n NO. I - pg. 208
in He. 1 - pp. 186 in He. I - pg. 184 in Ne. T ~ pg. 195
€o,* in Ar. I - pp. 198 in Ne. I - pg. 194 in 0. I - pg. 205
in He. I - pp. 188 H™ in Hy. I - pg. 200 in Xe. II - pg. 197
tn Ny T- 204, [1(2)203 4n He. T - pg. 190 krt in Ar. I1 - pg. 193
in 11 - pg. 193 Hy* in He. T - pg. 186 in He. IT - pg. 187
€Oy in Ar. I - pg. 199 Hyt fn My T - pg. 200 in Kr. I - pg. 199, II-195
in C0y. 1 - pg. 209 fn He. I - pg. 187 ket in Kr. I1 - pg. 196, 197
in He. I - pg. 192 He* {n He. I - pg. 184 ket in Ny. IT - pg. 202
fn 0,. T - pg. 206 He2* in He. 1T - pg. 189  Krp* in Kr. I - pg. 200
€0,” in0,. 1 - pg. 207 Hept in He. T - pg. 186 kr2*(A) in Kr. II - pg. 197
C202+ in CO. I - pg. 207 HeHt in He. II - pg- 189 Kr2+(E) in Kr. IT - pg. 197
COM* {n Ar. I - pg. 198 Hg* in Ar. I - pg. 197 L1* in Ar. I - pg. 196
{n He. 1 - pg. 188 in He. I - pg. 185 in Dy. I - pg. 202

*
Note: I refers to Ellis, et al., ADNDT 17, 177 (1976); II to Ellis,
et. al., ADNDT 22, 179 (1978).

3154




lable E-2.3 (continued)

Mobilities (K) (continued)

L1* in Hy. T - pg. 201 N}l(‘+ in He. I - pg. 189 03" in He. I - pg. 191
in He. I - pg. 183 in Np. I - pg, 205 in 0,. 1 - pg. 206
in Np. II- pg. 200 N2H' fn Ny, I- 203, 11-202 04* 1n 05. T - pg. 205
in Ne. I - pg. 194 Not in He. I - pg. 187 OH™ in He. T - pg. 191
in 0;. II - pg. 203 in NO. T ~ pg. 208 02" 1n He. I - pg. 188
N tn Ny, T - pg. 204 NO*.H,0 in He. I - pg. 189 OzH2" in He. I - pg. 189
in He. I - pg. 184 N0% in Ar. II - pg. 193 Rb* fn Ar. T - pg. 197
No* In He. T - pg. 186 in He. IT - pg. 189 in €CO;. I - pg. 208
in Np. I - pg. 202 N20* in N,. II - pg. 202 in Hy. TI - pg. 200
N3t tn Ny T - pg. 204 in Ne. IT - pg. 191 in He. T - pg. 83
. Nt 10 Ny. 11 - pg. 202 NO;” in He. I ~ pg. 192 fn Kr. I1 - pg. 195
Nat 1n Ar. I - pg. 196 N202% in NO. I - pg. 201 in Np. I1 - pg. 200
in C0y. 1 - pg. 209 N20H* in Ar. T - pg. 199 in Ne. 1 - pg. 194
in D,. 1 - pg. 002 in He. I - pg. 189 in 03. I - pg. 203
in Hy. I -~ pg. 201 ot in Ar. I - pg. 197 in Xe. IT - pg. 198
in He. I - pg. 183 in He. I - pg. 185 SF5” in He. I - pg. 193
in Ne. T - pg. 194 07 in COy. I - pg. 209 SFg~ in He. 1 - pg. 193
Ke* in He. II - pg. 187 in He. I ~ pg. 191 S03” in He. I - pg. 193
in Ne. I - pg. 195 in 0,. I - pg. 206 SO7F” in He. I - pg: 192
Ne*(%P,) fn Ne. IT - pg. 191 0% in Ar. I - pg. 198 Ut in He. T - pg. 185
Ne*(%Py/,) in Ne. 11 - 191 in He. I - pg. 187 Xe* in He. TI- pg. 187
¥e*(1D) 1n Ne. 11 - pg. 192 in 05. I - pg. 205 Xe+(ZP%) in Xe. 1I- pg. 199
Ne2*(15) 1n Ne. IT - pg. 192 02” in He. I - pg. 190 Xe*(?P3,5) 1n Xe. 11 - pg. 199
NeZ*(3) 1n Ne. IT - pg. 192 in 05. T - pg. 206 XeZ*(A) in Xe. IT - pg. 199
Rey* in He. I - pg. 193 03" in Ar. T - pg. 199 XeZ*(B) in Xe. II - pg. 199

N3 fn He. T - pg. 188

Longitudinal Diffusion Coefficients (DL)

€L in Ar. II - pg. 208 cs* fn COp. 1T - pg. 215 B* tn Dy. 1T - pg. 211
in Kr. 1I - pg. 209 in Hy. IT - pg. 211 D™ in Dy. 11 - pg. 212
in Ne. II - pg. 207 in He. II - pg. 206 D3* in D,. I - pg. 212
in Xe. II - pg. 210 in Kr. IT - pg. 209 F~ in Kr. I1 - pg. 209

cot 1n €O. II - pg. 214 in N,. II - pg. 212 in Xe. 11 - pg. 210

cs* fn Ar. I1 - pg. 208 in Ne. II - pg. 207 H 1n Hy. 11 - pg. 210
in CO. II - pg. 214 in 0,. II - pg. 213 K in Hy. T - pg. 211

in Xe. II - pg. 210
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Table E-7.3 (concluded)

Longitudinal Diffusion Coefficients (D) (continued)

't W, 11 - pg. 211 L1t tn Ar. 1T - pg. 207 0" tn 0,. TV - pg. 213

K" in Ar. II - pg. 208 in H,. II - pg. 210 02+ in 0,. IT - pg. 213
ta CO. II - pg. 214 in He. 11 - pg. 206 02' tn 0,. II - pg. 214
fa CO,. 1I - pg. 215 in Ne. 11 - pg. 206 gbY {n Ar. 11 - pg. 208
in Hy. 1L - pg. 211 N 1n Ny. 10 - pg. 212 tn €O,. T - pg. 215
in He. II - pg. 206 N2+ fa N,. 11 - pg. 213 tn Hy. 11 - pg. 211
in Kr. Y1 - pg. 208 Na+ in Ar. 1II - pg. 208 in He. 1II - pg. 206
in Ny. II - pg. 212 in CO,. II - pg. 215 in Kr. II - pg. 209
in Ne. II - pg. 207 in Hz. 11 - pg. 210 in N2. I1 - pg. 212
in NO. II - pg. 214 in He. II - pg. 206 in Ne. 1II - pg. 207
in 02. 11 - pg. 213 in Ne. II ~ pg. 207 in 02. 11 - pg. 213
in Xe. 1II - pg. 209 not 1n NO. II - pg. 214 {n Xe. TII - pg. 209

Transverse Diffusion Coefficients (DT)

H in H,. 1II - pg. 216 K+ in NZ' I1 - pg. 216 N in N,. 1T - pg. 216

+
K in H,. II - pg. 216 § in N,. T1-pg 216 0. tno,. II - pg. 216

Update of References in Compilatjon IT [ADNDT 22, 179 (1978)]

References for Table 1

M. G. Thackston, F. L. Eisele, W. M. Pope, H. W. Ellis and E. W. McDaniel,
J. Chem. Phys. 73, 1477 (1980).

I. R. Gatland, D. R. Lamm, M. G. Thackston, W. M. Pope, F. L. Eisele,
H. W. Ellis and E. W. McDaniel, J. Chem. Phys. 69, 4951 (1978).

I. R. Gatland, et al., to be published.
R. Johnsen and M. A. Biondi, Phvs. Rev. A 20, 221 (1979).

M. G. Thackston, F. L. Eisele, W. M. Pope, H. W. Ellis, E. W. McDaniel and ¢
I. R. Gatland, J. Chem. Phys. 70, 3996 (1979); 73, (1980).

References for Table 11

F. L. Eisele, M. CG. Thackston, W. M. Pope, H. W. Ellis and E. W. McDaniel,
J. Chem. Phys. 70, 5918 (1979).

W. M. Pope, F. L. Eisele, M. G. Thackston and E. W. McDaniel, J. Chem,
Phys. 69, 3874 (1978).

M. . Thackston, F. L. Eisele, W. M., Pope, H. W. Ellis and E. W. Mchaniel,
J. Chem. Phvs. 73, 1477 (1980).
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F. INTERACTIONS WYITH STATIC ELECTRIC AND MACNETTC FTELDS

(No new entries here. Sce Vol. 1T for data.)

' G. PARTTCLE PENETRATTON IN GASES (TONS, NEUTRALS, AND ELECTRONS)

' (No new entries here. See Vols. IT and V for data.)
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H. PARTICLE AND PHOTON INTERACTIONS WITH SOL1DS
CONTENTS

Sputtering. . « « « + o s s osoeosotsm 00T e
Secondary Electron Emission by Electron Impact.
(No new entries here.)
Secondary Electron Emission by Ion Impact . . . .
Flectron Refiection from Surfaces . . .« - -
(No new entries here.)
Reflection of lons from Surfaces. « « » « + + o
Photoemission of Electrons from Surfaces. . . . « -

(No new entries here) .
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[NTRODUCT TON

Sputtering Yield., [s defined as the number of tarpet atons removed per
projectile atom incident. Tt is measured as o tunction ot incident projectile
cnergy and as a function of projectile incidence anyle on the surface. Unleas
otherwise indicated the vields presented arc for normal incidence.

Angular Dependence.  Yield increases rapidly with increasing incidence
angle (measured between projectile impact divection and taryet surface normal,
For heavy particles (mass > 4 amg ) the vield Y increases as

V() = Y(0) —JLA;

Cos

. - » v . - . . ‘\\
where ¢ is incidence angle and Y(0) is the vield at normal incidence (=0 ),

State of the Sputtered Species. From a monatomic target the ejected
particles are generallv ncutral atoms with small fractions of ions and
multimers (107< to 10'3) of cach species mav be excited, While there ie
much information on charge and quantum states this is poorly dipested and is not
reproduced here.,

Energy of Sputtered Species. For heavy particle impact whoere vijection
results from a collision cascade the vield of sputtered particles Y(F) as a
function of ejected particle energy E often follows the equation

1
Y(E) « DR S -
(E+E )" (1+E/ER)

Here Ey is the binding cnergy of the ejected atom while it was in the lattice,
and may be approximated by sublimation encrgy found in manv standard reference
books.

Topographical Changes. It is well known that sputtering of a surface causc
changes to topography resulting in such features as cones, ripples and faceted
pits. Cones are due sometimes to iImpurity particles having a low sputtering
coefficient which protects the underlying substrate, These various fcatures are
also often associated with preferential etching of different crystallographic
faces of polvecrvstalline materials., Selective etching at grain boundarics and
defects is also known.

Sputtering of Allovs and Compounds. The data we present are {or monatomic

(generally metallic) polvervstalline ma’ als. In the sputtering of allovs or
compounds one anticipates first a de-le. of the component(s) exhibiting the
highest sputtering vield leading ¢ ¢ r o od surface composition, Thus vield

measured by weight loss is a func.. r of picjectile dose. Also for compounds
there may be a very high vield of molecules. Thus one cannot necessarily estimate
yield from an alloy or compound by some average of the vields measured for the
constituents in monatomic targets.

Effects of Ambient Atmosphere. An ambient atmosphere of reactive specices
(e.g. oxygen or hydrocarbons) produces substantial changes to the fluxes ot
sputtered ions and sputtered excited species. However, such an atmosphere does
not appear to substantially change the flux of sputtered atoms which vepreosents
the bulk of ejected material. Thus the sputtering vields are not greatly
influenced by the ambient atmosphere. Non reactive pases do not appear to
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influence vield nor distribation of quantum states,

Septi-cmpivical Formolae to Istimate Yield, Sputtering vield is related

suriicient enersv to overcome their binding to the solld and thereby escape.

bo related to stopping power, particle masses, projectile

ihus victd should

irpact coerey and tareot hinding enerpve A nurtber of semi-cmpirical formulations

Bove been devised to represent spatterving vield,  Not only arce thev more

convendent than roaw data fon modelling purposes but they also permit estimates

Yor projectile tarpet combinations that have not vet been subjected to experimental
D

studv. We discuss such formulae in seetions BF-1,13 and H=-1.732,

Data Preseated Hereo o Due to o space Dimitations we present onlv a small

“raction of the aviilable spattering «ield data.  Further data in graphical and
tabular rorm can be tound in the revicws lTissted betlow,  Also the semi-empirical
tormulations of o In scetions H=i.13 aod H=-1.32 can be atilized.

1y

Pevicows and Data Compilations,

Noodateuanami, YooY, Yanamura, V. ltikawa, N0 ftoh, Y. Kazumata, S. Mivagawa,
FooMorita and BLoshimicu, o Unergy Dependance of Sputtering Vields of Monatomic
Aactids. dnstitute of Plassa Physies, Nagova University Nagova JJapan., Report No.,,

'

e =A=14 Clane 1950) .

.o Roth, . bBohdansk

v, ¥, Ottenberger, Data on Low Inergv
w="lanck Institut fir Pl phvsik, Garching, W.
datoed Mas- [v79),

fon Sputtering.

,L_r'mnn.}".. (Unpublished 'rcport

C. F. Barnett, J., A, Rav, . Ricel, M. [, Wilker, E. W, McDanicel, E, W, Thomas,
B, RBR. Gilbodv. "Atomic Data for controlled Fusion Rescarch'., 0Oak Ridge National

1

Paboraters Report ORNL=3207, 1977, (Sec Volume 11, Section D).
f. Bebwriooh (hdy . sputtering by lon Bombardment.., Te be published as a
Seolin the series "Tonies of Applied Phvsics" by Springer-Verlae, Heidelberg.

A

AR, Franss and Ro B Wright. 0. Nuel, Mat. 89, 229 (1980). (A bibliopraphy
A data oon Finetic energy and mass distribution of sputtered particles),

A
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3
Tabular Data H-1.13
semi-Empirical Formulation for Sputtering
Yields bue to Light Particle Impact
Symbols M] projectile mass (amu)
M, target atom mass (amu)
[ projectile energy (eV)
Eth threshold energv of the sputtering
process (eV)
HB surface binding cnergy of the target
atom (eV).
Yield Expression
1/ 7/
. 3 5/3 | E 4 1 : 2
Y = 6.4 ¢« 10 M2 ¥ T ; e £7F atoms/ion
th th
4 M M '
B 1
where y = (@D
Mo+ M )2
(0, + M)
Threshaold energy in eV
Eth - take from empirical values tabulated on
the left or see note 4 below
Ton H ' o { se’ He! ﬁ,
Limitations faraes e '_M_p_ﬁﬂ_»_ﬂm~{
Al 53 l 34 [ 20.5 ]
Ml/M2 < 0.4 ~ . 184 } o l‘ ‘o "
- ‘71#4‘ .__#_. [ TR —_—
i - 20 Be pars | 2 l B ”, 3
th [« * 9.9 [ " L 16 1
RS KN SN N SN o
Fe ;‘ 61 ‘ 40 ‘ 35 }
= SRR
Accuracy Mo | ores | 86 s J 19 i
. f | N .
Represents empirical data to within '25%. L*?,_ﬁiw4 ?,5 iﬁﬂ _ L._f:m4\<
st i 24,5 17.5 I 14
Source S S U SIS S
- Ta i wo s | J 100
{ J. Roth, ?. Bohdansky, W. Oltenberger E;leifgéi:>7w;a‘-—rT>_~¥~77Hm:; o
! Data on Light lon Sputtering, Max-Planck O S S O S
Institut fiir Plasmaphysik, Carching May g 76 ! 2 i
1979 (Unpublished report). T o I R A
L] 400 i 175 l 100 \
e e - i - .
’ H. L. Bay, J. Roth, J. Bohdansky. . appl. | 4 | ,l 50 |
; Phys. 48, 4722 (1977). A YO AU CUNNS S
t
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Notes

b

J.

Bohdanskv, .J. Roth, M. [.. Bav (to be published).

While this Tormulation has been developed primarily to represent
vields for light ion impact it is also successful for sputtering
of Ni bv heavy jons within the Iimitations stated above.

The formulation is particularly accurate close to threshold,

At energies in excess ol the range stated under "limitations"
the empirical data scatters above the values given by the
tormulat ion.

Values of | for use in this formula should be taken from the

. ‘I . A
table given above; these are values obtained by fitting to the data,
For other cases one could estimate B as I‘I“/.(]—() where Fpois the

1 .
binding energy.  In turn Ey can be equated to the sublimation enerpy
(e.¢. JANAF Thermo-Chemical Tables, ed. D. R.Stull, H. Prophet, NSKDS-
NBS 37), expressed in eV.
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Graphical Data H-1.15
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Energy dependence of the sputtering. yield for Ar » Kr and Xe impact on C.
The solid line is a best fit of Eq. 1 (section H-1.32) to the data. From

Ref. 12.
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The solid line is the best fit of Eq. 1 (Section H-1.32) to the data.
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Tabular Data H-1.,32

Semi-Empirical Formulation for Sputtering Yields

duc_to Heavy Particle Impact

E = Projectile energy (eV)
Ethz Threshold energy for sputtering (found by fitting to the data) (eV).
P = Dimensionless factor found by fitting to the data.
Sn = Reduced elastic stopping cross section, dimensionless.
(Expressed in analytical form below).
¢ = Reduced energy, dimensionless.
Ce = A factor related to nuclear charge and mass of projectile and target;

given in tabular form (eV—l)

Yield Expression.

E
h
v=r s §1- '-—f— atoms/ion (1)

i
i

where g = 3.441 vt log(e+2.718) )

1+46.355 & + £(-1.708+6.882 )

(4]
It

C, E (3)

The factors P and E are found by fitting the equations to the available
data; the factor Ce is computed. All three factors are tabulated on a subsequent
page.

Limitations.

Formulation has been tested for a variety of projectile target combinations
and c¢xhibits no obvious limitations. For light ion impact (H+, pt, Het) at low
energies (10 keV and below) the formulation of section H~1,13 fits the data better.
The formulation appears to be inadequate close to threshold (see note 3 below).

Accuracy.
Represents empirical data to better than +25%.
Source.

N. Matsunami, Y. Yamanura, Y. Itikawa, N. Itch, K. Kazumata, S. Miyagawa,

K. Morita, and N. Shimizu. '"Energy Dependence of Sputtering Yields of
Monatomic Solids'". 1Institute of Plasma Physics, Nagoya University, Nagoya,
Japan. Report No. IPPJ-AM-14. To be published in Radiation Effects Letters.

Notes.

(1) The fitted curve represented by Eq. 1 is shown in the Graphical Data
H-1.15 through H-1.31 by the solid line.
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(2)

3)

The formulation for Y is similar to that by Sigmund [Phys. Rev.
184, 383 (1969)and 187, 768 (1969)] Sigmund gives anaytical forms
of the constant P but does not include the threshold energy factor
(essentially Sigmund has Eiy, = 0.

The values for threshold energy obtained from the fit of Eq. 1 to
the data differ from those given in H-1.,13 for the cases where
comparison is possible; they also disagree badly with theoretical
values. The implication is that this equation is inadequate close
to threshold.
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Tabular Data H-1.32 (continued)

Empirical parameters for the sputtering equation of Matsunami

et al.
3
o
) 3
R
£ 5
Ce
Be He 1.389E-3
Ne 9.382E-5
Ar 2.715E-~5
Kr 5.988E-6
Xe 2.360E-~6
cC D 2.239E~3
He 9.196E-~4
Ar 2.184E-~5
Kr 5.010E-~6
Xe 2.007E-6
Hg 8.189E-~7
Al He 4.085E-~4
Ne 4.489E-5
Al 2.895E-5
Ar 1.592E-5
Kr 4.177E-6
Xe 1.775E-6
Hg 7.556E-7
Si He 3.740E-4
Me 4.183E-~S
Ar 1.497E-5
Kr 3.964E-6
Xe 1.69%92E-6
Pb 6.8l0E-7
Ti He 2.221E-4
Ne 2.944E-5
Ar 1.168E-5
Kr 3.450E-6
Xe 1.556E-6
Hg 6.933E-7
V He 2.108E-4
Ne 2.840E-5
Ar 1.139E-5
Kr 3.409E-6
Xe 1.548F-6
Hy 6.936E-7

Target

P E
th
0.9835 89.52

2.682 98.27
3.620 73.10
5.346 89.39
7.536 138.8

a
-

0.1092  31.88
0.4505 167.4 Fe
6.768  348.9
1.936 93.73
1.485 18.07
12.44 286.5

0.9009 151.4

4.565 93.17
4,748 39.44
6.936 71.28
11.85 81.07 Co
15.34 86.28

23.74 133.6

0.4875  85.02
2.835 90.95
3.987 64.20
6.912 92.71
11.59 159.3 Ni
15.52 2.435

0.2605 56.38
2.725  61.79
3.933  57.15
6.948 86.89
10.37 118.6
13.84 106.2

0.2536 90.93
3.415 79.57
3.899 44.73
8.466 79.38
12.38 83.06
19.18 160.2
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Projectile

He

Ne
Ar
Kr
Xe
Cs
Hg
Pb

He
Ne
Ar
Co
Kr
Xe

Hg

He

Ne
Ar

Kr
Xe
Hg

Ce

1.999F-~4
2.712E-5
1.093E-5
3.289E-6
1.493%-6
6.727E-7

1.814E-4
4.053E-5
2.509E-5
1.025E-5
3.134E-6
1.440E-6
1.396E-6
6.515E-7
6.162E-7

1.734E-4
2.430E-5
1.002E-5
5.260E-6
3.098E-6
1.433E-6
6.515E-7

3.573E-4
3.514E-4
1.654E-4
3.139E-5
2.322E-5
9.577E-6
4.832E-6
2.964E-6
1.371E-6
6.239E-7

bed
0.7059%
6.471
9.284
19.11
30.33
21.23

0.5800
5.994
4.504
9.133
17.23
27.00
27.5¢€
29.28
38.45

0.5597

6.902
11.64

5.886
15.47
22.70
34.86

0.05155
0.1168
0.5689
1.670
5.311
12.69
10.43
17.53
24.35
36.43

Sth
74.16

62.70
41.78
66.76
324,17
96.33

67.71
407.7
15.85
52.56
31.77
26.42
348.9
164.7
25.37

~3

89.25
81.92
65.54
41.87
86.61
82.71
146.8

82.13
58.71
54.52
82.86
39.09
53.94
52.65
75.63
93.92
115.4




rabular Data H-1.32 (continued)

Empirical parameters for the sputtering equation of

et al.
[
—
ot
Fe)
RS
U o
[~ VI
[ o)
o 4
= A c
e

Cu D 3.366F-4
He 1.589E-4
N 3.629E-5
Ne 2.269E-5
Ar 9.477E-6
Cu 4.452E-6
Kr 2.980E-6
Xe 1.391E-6
Cs 1.350DE-6
Hg 6.375E-7
Ph  6.135E-7

Ge He 1.411r-4
Ne 2.073E-5
Ar 9.850E-6
Kr 2.862E-6
Xe 1.358E-5%
Hg 6.31NE-7

7r He 1.069F-4
Li 6.798%-5
Ne 1.648F-5
Ar 7.294E-6
Kr 2.477E-6
Xe 1.211F-6
Hg 5.777F-7

Nb D 2.163F~4
He 1.036E-4
Li 6.585E-5
Ne 1.603E-5
Ar 7.118E-6
Kr 2.4277-6
Nb  1.984F-56
Xe 1.190E-6
Cs 1.156E-6
Hg 5.690E-7

P
0.2694
0.3420
4.755
8.578

16.01
22.27
31.52
49.07
68.60
63.21
68.25

0.3502
5.178
8.296
14.82
20.54
24 .89

0.1647
0.6151
3.008
6.061
6.196
12.75

12.60

0.02584
0.2386
0.8341
2.99%¢
7.456
10.75
10.3¢
25.50
22.39
12.41

Eth
405.3

49.10
22.06
37.07
33.93
44.46
56.50
79.87
186.1
122.1
111.3

79.96
67.53
29.12
72.07
83.73
110.8

163.3

101.8
70.80
53.12
60.1€
g99.1¢
91.89

52.37
191.0
124.0

63.27

75.26

20.38
367.5
207.5

4.010
105.9

Target

2
19
Tz oD X = z = .
I A S A © = projectile

Ru Ne
Ar
Kr
Xe

Rh He

Ar
Kr
Xe
Hg

Pd He
Ne
Ar
Kr
Xe
Hg

Ag H

Ne
Ar

Ag
Xe
Hg

Ce
2.119£-4
2.098E-4
1.006E~4
1.565E-5
6.980E-6
2.396E-6
1.179E-6
1.146E-~6
5.659E~7
5.374E-7

1.490E-~5
6.696E~6A
2.323E-6
1.152E-6

9.221E-5
1.454E-5
6.549E-6
2,281E-6
1.133E-6
5.485E-7

8.973E-5
1.422E-5
6.435E-6
2.256E-6
1.126E-6
5.468E-7

1.831E-4
1.815E-4
1.387E-5
6.292E-6
2.212E-6
1.443E-6
1.106E-6
5.384E-7

Matsunami
P Een
8.914E-3 327
0.01602 131.5
0.1457 99.28
3.848 59.02
5.405 39.32
9.982 44.13
19.59 73.07
31.21 253.7
19.81 135.0
31.26 135.1
4.774 72.74
10.55 58.70
21.83 86.21
28.50 91.43
0.2683 90.57
6.251 78.52
13.88 68.49
24.30 76.39
31.30 80.13
41.58 96 .42
0.6540 75.61
6.440 41.67
13.96 41.77
28.52 49.03
43,72 63.04
52.60 78.25
06.1271 268.3
0.2666 44.60
13.09 45.34
24.67 23.39
60.33 84.88
89.25 89.07
94.51 95.93
140. 123.6
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Empirical parameters for the sputtering equation of Matsunami

et

Target

Ta

Re

Os

Projectile

Ar

Ne
Ar
Kr
Xe
Hg

Ne

Kr
Xe
Hg

al.

e
3.9828-¢
1.249E-5

B.665E-6
4.172E-6
1.608E-6
8.578E-7
4.44CE-7

8.527E-6
4.112E-¢
1.589E-6
8.488E-7
4.402g-7

4.908E-3
8.395g-6
4.054E-6
1.571E-6
8.408E-~7
8.191E-7
4.369E-7

8.264E-6
3.996E-¢
1.552E-6
8.319g-7
4.330F-7

4.744E-5
8.144E-¢
3.946E-6
1.537E-6
8.261E-7

Tabular Data H~1.32 (continued)

P
10.44
26.60

3.125

7.804
16.92
30.;7
22,56

2.457

5.801
17.35
22.93
19.56

Fin
51.82
56.43

63.57

39.20

68.16
118.3
109.0

54.64
50.15
81.60
86.49
99.34

0.05713 165.3

3.031

7.493
16.32
32.15
30.21
16.31

3.864
11.18
24.56
33.11
32.46

0.1555

3.839
12.11

5.67
35.74

57.92
65.92
73.80
95.61
S1.47
92.138

77.9§
71.67
85.87
96.64
105.6

187.0
60.74
84.66
31.50
95.12

Target

Pt

Au

Th

Projectile

He
Ne
ar
Kr
Xe
Hg

=

He

Ne
Ar
Kr
Xe
Au
Hg

Ne
Ar
Kr
Xe

Ne

Kr
Xe
He

Co P Eeh
4.6045~5 0.0791% 18 .1
8.018E~6 4.323 64.22
3.839F-~6 12.139 57.87
1.518E-~6 22.01 74.44
8.1691~7 42.31 92.65
4.268E~7 46.20 33.2p
4.588E-5 0.2193 179.3
7.900E~6 5.177 56.34
3.837E-~6 14.384 54.99
1.501E-6 32,93 83.10
8.093E~7 50.28 92.13
4.736E~7 67.79 112.3
9.300E~5 0.05533 372.3
9.253E~5 0.1261 152.0
4.513é~5 0.4742 68.88
1.169E-~5 4.327 30.89
7.780E~6 7.831 28.05
3.783E~6 26.05 62.12
1.482E-6 76.97 97.73
8.003E~7 126.0 105.2
4.259E~7 221.0 120,7
4.1%4r-7 134 .6 3€.2¢
6.688E~6 3.4k 32.5%
3.300E-6 7.758 53.79
1,325k-¢ 20.21 T8.22
7.292E-7 28,33 R3.14
6.517F-6 5,008 70. 40
3.223E-6 11.79 63.84
1.2998-6 27.14 75.81
7.169F-7 27.44 122.3

3.8411-7 3N,
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INTRODUCT ION

This section updates Section H-3 of Technical Report H-78-1 "Compilation
of Data Relevant to Rare Gas and Rare Gas ~ Monohalide Excimer Lasers. Volume II"
(U.S. Army Missile Research and Development Command, Redstone Arsenal, Alabama,
December 1977). For low energy impact of light projectiles the earlier compilation
cited above remains quite adequate as there has been no significant additional data.
What we show here is some additional data for projectile energies of 500eV and
greater. Data given are for normal incidence on polycrystalline targets. Some
excellent data on single crystal targets is given in reference 4 but not reproduced
here,
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H-5. ION REFLECTION FROM SURFACES

CONTENTS
Page
Introduetion..............................3]99
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Graphical Data H-5.2 Reflection Coefficients (H, D, T, Re). . . . . . . 732m
Graphical Data H-5.2. Reflection Coefficients of heavy ions . . . . . . 3203
INTRODUCTION

This section presents data on coefficents for reflection of ions from
surfaces as the ratio of particles reflected (ions plus atoms, integrated over
all exit angles and energies) to particles incident. This supplements coverage
of such processes given previously as section H-5 of Technical Report H-78-1,
"Compilation of Data Relevant to Rare Gas-Rare Gas and Rare Gas - Monohalide
Excimer Lasers Volume II" (U.S. Army, Missile Research and Development Command,
Redstone Arsenal, Alabama, December 1977). For light ion impact (H,D,He) there
is excellent coverage due in large measure to the need for such data in the
Fusion Energy Program. We provide an extensive presentation of data and
indicate a reliable method for interpolating values for cases that have not
yet been considered (H-5.1). For heavier species we provide what little data
are in the literature (H-5.2). For heavy projectiles at low energies one might
make order to magnitude estimates by using some average of the data given by the
scaling procedure of H-5.1.
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Tabnlar Data H=-5.1. Reflection of Light Ions (H,D,He).

A substantial quantity of experimental data is available which agrees
well with theoretical predictions. There is no evidence that the reflection
coetficient for an incoming ion (e.g. H') is any different from that for the
corresponding atom (e.g. H).

I't is most convenient to plot the reflection coefficient RN (particles

rel brected, integrated over all exit angles and energies @ by particles incident)
as a fierion of the reduced energy ¢ defined as follows:
N
oo A,
oM, M o2 "
2
1 2 leze
Lindhard has cliosen fo. "' the Thomas-Fermi screening length Lip
2/3 2/3,-1/2
a = 0,468 A + Z
Arp (1. 4h85 (7] 72 )

7, and Z, are the charges and M, and M2 are the masses of the ion and the target
a%um. 2’is the c¢lectron charge,

-

With e“ = 14.39 oV R one gets
M

1

= 32,55 et e E(keV) = £ E(keV) (1)
} 273 2/3.172 L

My o+ M, 2702 T w2,

In the following figure we show theoretical model calculations of R nlotted
as a function of reduced energy -, for a variety of projectile-target combinations.
We choose to present theorv rather than experiment because it covers a greater
energv range particularly down to low energies. Experiment is in good agreement
«ith theary as iy shown in the primary references given below.

To obtain R, for a projectile-target combination given on the graph the
factor - should'be identified from the table, the reduced energy of interest
should be computed and the relevant read from the graph. For a projectile-
target combination not on the graph §§e factor ¢ should be calculated from the
formulae given above, the reduced energy of interest = evaluated and data points

read from the graph for a target of nuclear charge closest to that of interest. For

compounds one may estimate R, bv evaluating the reflection coefficients for each
constituent atomic species and take a sum weighted according to the atomic
compasition of the target compound or alloy.

This scaling procedure should provide adequate estimates of RN to within a
fact. r of two, except for low Z targets (e.g. C) where the error will be larger.

The data obrained by this procedure will be appropriate to normal incidence on a
polvrr stailine target,
Ref. rence. (i) The uraph is taken from: W. Eckstein and 4. Verbeek "Data on

Light lon Reflection", Report 1PP 9/32 (Max Planck Institut fur
pPlasma Physik, Garching, West fGermany, August 1979. This report
contains extensive theoretical and experimental data gathered
from various published and unpublished sources.

\i,) The theoretical simulation is by the MARLOWE code described most
fullv in ¢ M. T. “obinson and [. M. Torrens, Phvs. Rev. B9, 5008
(1974). See also S. Oen, and M. T. Robinson, Mucl. Instr. and
Methods 132, 647 (1976).
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Target atom £ L

Element 22 M. H D T 3He ?He
C 6 12.0 2.414 2.242 2.092 0.9814 0.9200
Al 13 26.98 0.9449 ;0.9123 0.8819 0.4223 0.4087
si 14 28.09 0.8604 | 0.8318 0.8050 0.3862 0.3742
Ti 22 47.90 0.4871 [ 0.4774 0.4680 0.2266 0.2222
Fe 26 } 55.85 0.3934 | 0.3866 0.3800 0.1845 0.1814
Ni 28 58.69 0.3575 | 0.3516 0.3459 0.1682- 0.1655
Cu 29 63.54 0.3420 | 0.3368 0.3317 C.1614 0.1590
Nb 41 92.91 0.2188 | 0.2165 0.2142 0.1047 0.1037
Mo 42 | 92.95 0.2121 [ 0.2099 0.2078 0.1016 0.1006
Ag 47 107.87 0.1832 | 0.1816 0.1799 0.08814 0.08735
Ta 73 180.95 0.1032 | 0.1026 o.1021 0.05024 0.04997
w 74 183.92 C.1014 | 0.1008 0.1003 0.04937 0.049M
Au 79 197.0 0.09305) 0.09258 | 0.0%9212 | 0.04538 0.04515

Table showing computed £

a variety of targets.

3 4
factors for H,D,"He and 'He impact on

4
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Graphical Data H~5.2. Reflection coefficients for heavy particle scattering from

surfaces.

a) K and Na impact on Ag and Au shown as a function of reduced energy
(defined by Eq. 1 ot preamble to Graphical Data H-5.1). J. Bottiger
et. al., Radiation Effects, 11, 133 (1971).

b) Impact of 60 keV Na, K (written Ka), Br, Rb and Cs on AR, Cu, Ag and Au
shown for each projectile as a function of target to projectile mass
ratio (MZ/MI)' J. Bottinger et. al., Nucl. Instr. Meth. 170, 499 (1980).
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I. SECONDARY ELECTRON SPECTRA

CONTENTS

Page

I - 1. Energy Spectra of Secondary Electrons
from Electron Impact Ionization . . . . . . . . . . . . . .. 3205

[ - 2. Energy Spectra of Secondary Electrons
from Proton Impact Ionization . . . . . . . . . . . . . .. . 3207

I - 3. Energy Spectra of Secondary Electrons
from Heavy Particle Impact Ionization . . . . . . . . . . .. 3214

(data presented in this chapter either extend or supersede the
data given previously in Chapter I of Volume V, pages 2241-2374.)
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I - 1. ENERARY SPECTRA OF SECONDARY ELECTRONS
FROM ELECTRON IMPACT IONIZATION

I-1.1

Secondary Electron Energy Spectra for
Electron Impact Ionization of C02 .
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Tabular Data I-2.1
Single Differential Cross Section (Secondary

Electron Spectra) for e + €0, Collisions

(Units of 107 1% cmf/ev) |
SE?ggﬂigﬁ Primary Flectron Enerqy (eV)
Energy
(ev) 50 100 200 400
S - T | T

] 16.08 22.38 15.66 l 12.64

2 25.47 27.A2 [ 19.29 | 12.50

3 23.37 26.62 20.12 . 14.44

4 16.57 19.94 17.52 | 11.43

5 14.69 17.53 14,88 1n.51

6 13.51 14.99 12.90 9.32

8 12.79 12.45 10.64 7.70
1n 12.50 n.12 8.76 6.30
12 11.26 8.55 7.39 5.47
15 | 9.6 2.18 5.77 4.52
20 : 6.18 2,06 3.26
25 | | 4.18 3.22 2.38
3 ; | 3.14 2.57 1.76
35 \ | 2.87 ! 1.77 1.32
40 ; ; 2.65 [ 1.32 1.n4
50 | | , 0.81 0.687
65 1 1 | n.54 0.401

8n j : | n.49 n.277 )
100 : ! ‘ n.188
120 : , | n.137
140 } ' ; | 0.131 .

160 l | | | n.129
180 [ = i ‘ n.123

Accuracy: The quoted uncertainty in these data is + 177

Reference: These data were taken from T.W. Shyn and W.[. Sharn, Phys. Rev. A
2n, 2332 (1979).
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I - 2. ENERGY SPECTRA OF SECONDARY ELECTRONS
FROM PROTON IMPACT IONIZATION

I-2.1
Secondary Electron Energy Spectra for
Proton Impact lonization of Ar . .

............
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Tabular Data I-2.1
Single Differential Cross Section (Secondary
Electron Spectra) for H' + Ar Collisions

(Units of cmz/eV)

S wener 10 keV 20 keV EVENT 5O ke
(EY)
1. 6.44-91 1. 7.14-18 2.24.17 1. 3.24-17

N 2 8.72-18 2. 1.10-17 2.30-17 2. 2.91-17
3 8.44.10 3. 1.38.47 2.2%-17 3. 2.%5.17
. 7.27-98 ' 1.26-17 2.08.17 4. 2.22-17
s 6.25-14 s. 1.16-17 1.89-17 s. 2.09-57
6. $.57-18 6 1.068-17 1.70-17 ] 1.80-17
7. 5.82-18 7. 9.92.18 1.60417 7. 1.68-17
8. 4.43-1n .. 0.40-18  1.40-17 .. 1.83-17
9. 3.85-1n 9 7.68-10 1.38-17 9. 1.44.17
1. 4.46-0n 10 2.36-18  1.27-17 10. 1.32-17
i1 4.2%-18 12. 8.13-18 1.1517 i2. 1.19-17
12 J.24-0n 14, 8.29-10  9.28-18 14. MM
3 3.14-9n 16. 4.81-18 8.00-18 16. -07.42
14 3.26-18 18, 2.69-1a 6.12-1m 18. 7.36-18
:s 4.47-10 20. 2.06-14 5.13-18 0. ¢.-80-58
18, 4.38-1R . L68e 4.43-9n bi 5.32-14
17, 1.75-9n 53 i.:h:: 3.75-1A 30. 4.24.90
18 8.14-19 26. 1.03-18 3.18-1a 32 "3(’-1:
19 6.56-10 2. 8.35-19 2.77-18 s HEA
2 $.46-199 30. 6.78-19 2.42-11 50. 1.79-18
. 6.58-19
FH 3.94-10 32. 5.41-19 2.08-1p 5.
24 2.8%-19 34. 4.33-19 1.80-1n 100. :;;-;:
2. 2.10-1¢ 3. 3.48-19 1.58-1a 125. S seoan
28 1.89-19 38. 2.80-19 1.38-10 132 ‘82070
32 1.08-19 a0, 2.23-19 1.18-18 178, 1.%2-
52 8.19.20 a8, 1.32-19 8.22-19 200. 1.05.20
la 6.36-70 80, 8.30-2n 5.83-19 229. 3.38-21
e 3.70-2n 85, $.08-7n 4,06-19

Note: "Energy (eV)" refers to secondary electron energy
and the keV energies, atop the data columns, refer
to the incident H* energies.

Accuracy: The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be
higher.

Reference: These data were taken from M., E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).




Tabular Data I-2.1 (continued)
Single Nifferential Cross Section (Secondary
Electron Spectra) for H* + Ar Collisions

(Units of cmé/eV)

’ rLectrov Proton [nergy (keV)
ENESGY

e 5 7 10 15 20 30 50 70
. 1.8 2.1 2.u8-17 2.38-17 2.36-17 2.87-17 2.17-17 PRV R 2.67-11
2.0 22717 2.19-47 2.40-17 2.49-17 3.03-17 2.86-17 RIS SRR 2.72-11
3.0 1.62-17 1,90-17 2, 16-17 2.38-17 2.80-17 2.46-17 2ouka10 2.51-17
5,0 9,95-18 1.27-17 1.51-17 1.88-17 2.33-17 2.28-12 2.67-11 2.07-17
7.¢ 6.19-18 4.9u-18 1.47-17 1.50-17 1.98-17 2.01-17 Tonu-17 1.8u-17
0.0 1.9%-18 6.19-18 8.51-18 1.17-17 1, 67-17 1.75-17 1.6:-11 1.58-17
1¢.0 3.00-18 4,20-18 5. 3%-18 T.4d-18 Y, 71-18 t.26-17 1.¢1-17 1. 14-17
20,0 T.uT-13 1.33-18 2.u3-18 3.76-18 S.uk-t4 7.60-18 H.82-14 8.Ju-18
3o.¢ 1.50-18 3.36-19 7.64-19 1.56- 18 . 3613 3.75-18 SelH-14 5.28-18
50.0 5.05-24 2.69-20 8.93-20 2.66-19 5.07-13 11618 1.87-1¢ 2.25-18
75.0 1.,21-20 6.09-21 1,18-20 1.57-20 8.50-40 2.087-19 e 61-19 9.03-19
160.¢ 2.01-21 2.01-21 “.32-21 8.75-21 1.61-20 7.05-20 2.47-13 4, 05-19
136.6 2.62-21 9.57-22 t.33-22 2.19-22 2.84-21 t.32-20 2.46-2" 1.62-19
160.0 1.55-21 9, u-23 4, 60-22 1.03-21 9,93-22 3.34-21 2.07-22 6.56-20
200.0 1.86-22 6,75-22 2.01-22 u.11-22 5.%6-22 2. 1-21 T.30-21 2,45-20
25¢.0 4,51-23 1.89-22 1,38-22 3.11-03 3.03-22 w,24-22 3. 16-21
300.¢ 4.07-24 5.99-2) T.up-23 8.16-22

Note: '"Energy (eV)" refers to secondary electron energy.

N Accuracy: The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be
higher.

Reference: These data were taken from M. E, Rudd, L. H, Toburen,
! and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data I-2.1 (continued)
Single Differential Cross Section (Secondary
Electron Snectra) for HY + Ar Collisions

i ?
(tiInits of cm /eV)

Proton Enerqgy (keV)

EWERGY EMEroY
A 50 100 150 200 250 300 ()
L]
(¢ . 30-12 2.%-17 1,247 1.40-127 1.47-17 1.10-17 1.¢
1.3 a.3%-1) PRI 1.75-17 1.83-117 1. 4u- 12 1.%.-1%7 [P
1.6 P TIER) 21317 1,07-117 1,6t-17 LI PRRE] 11417 e
P PR PER 2.13-17 1.8C-17 1.50~17 [ FULERE] 11 .0
2.5 PRPTTR L] 2.13-17 v.83-17 V.te-17 [JETERY] 1.20-17 s}
Se9 6.22-17 2.10:-17 .87-1) 1.59-17 Voug-te 1.23-07 1.0
«.0 . 19-17 .ok 1.07-17 1.64-17 1. e4-17 L.a2-17 .. 0
5.0 2.66-17 1.92-17 1.17-17 1.56-17 v, 39-17 1.24=-17 €0
5.0 1.9¢-17 1.79-17 1.67-17 1.49-17 1.31-1) 1.18-17 L.0
8.0 16317 1.58-17 1. 86-13 1.32-17 Vol 1.08-17 8.0
Y. ISR E] 1.0€-1) 1, Je-12 V.43-1) 1.10-17 S.E9-18 10.0
13,9 1.33-17 1.10-17 1.0e-17 9.79-18 BRI} 7.61-18 15.0
To.v 1.1.-17 9,61-18 @, ik~18 7.1%-18 6,350t $, 6718 10.0
20.0 6.0 ¢ (PR 5.99- 18 €, 13-k 4, 17-18 TSR T 0.0
$3.0 6.95-18 4, 46~18 ¥, le-1b 3.57-14 . %6-10 «.5)- 18 5.0
.0 J.et-18 a.17-10 4.«8-18 1.92-18 1.0
“.0 PRCTRRL] 1.9a-1¢ [N 1.29-18 w.0
50,0 1. 84-18 1.41-18 1.13-Ve 9.3¢-19 %0.0
6L.0 Le1-18 1,07-18 6.t 1.05-19 to. G
du.< 9.50-19 7.1.-19 5.60-19 w619 8.0
Wi, o £.87-19 4.97-19 3.5e-19 1, 24-1Y 100.0
1.0 3.15-19 .89-19 2.91-19 2.11-19 Vsu.G
100.0 1,96-19 1.9.-19 1.12-19 1.%54-19 Tev.d
204.0 1.3e-19 1.65%-19 1.69-1s 1.72-1% .0
«50.0 8, Je-iC 5.86-20 5. 74~-:0 5.09-20 PV
306.0 1, b6-:0 J.oat-at J.e5-2u 3.36-40 je.o
3%0.0 1.¢1-01 1. 78-40 2.34-3C PTEY 152.0
860.0 PR 9.04-a1 1,65-20 1. 6420 wuoC
€5).0 8.55-21 w,18-31 8. 7521 1.69-40 “Su. 0
$0J.0 J.4d24 1,782 €. 90-21 LREPR] S5eu.0
$50.C V1.62-41 ©.0c-22 2.58-21 4, 86221 €5u.0
$00.v 8. 0%-23 J.ue-ii 1.32-21 J.6C-21 ©00.0
65G.0 $.70-44 1,744 €.53-4¢ 1,74=21 v5v.0
Tou.u ., 08-23 LR EV 1.43-2: 9. P34 7.0.0
750.0 1143 €.%7-.23 1, 7824 t.uboas 193.0
80v.0 1.03-2) “,73-) 1.09-4i¢ «.98-22 gl
950.0 1.01-2) I RCPEPS | 6.88-23 1.69-24 85..0
900.0 1.08-2) i.6%-2) 4, 36-43 9.931-31 9 v.0
9%3.9 7.76-28 . Ci-2) 1.CY-23 6,35-2) ¥51.0
1000.¢ 5,17-26 1Le1-4) c.uu-23 . 17-5) View.v

Note: "Energy (eV)" refers to secondary electron energy.

Accuracy: The estimated uncertainty in these data is 207
except near threshold (<10 eV) where it may be
higher,

Reference: These data were taken from M, E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data I-2.1 (continued)

Single Differential Cross Section {Secandary

Electron Spectra) for HY + Ar Collisions

(Units of cm?/eV)

0.25 0.3 0.5 .0
Mev ENERGY MeV ENERGY MeV EvErGr  MeV
. (EV) (EV) (EV)
BT 1. 1.36-17 1. 1.07-17 1. 6.81.1a
PO 2. 1.43-17 2. 1.12-17 2. 6.7%6-1m
o [ 1.42-17 4. 1.08-17 4. 6.10-1n
ORI 6. 1.26-17 6. 9.23-18 8. 5.25.18
e. 1.12-17 8. 8 21-18 8. 4.82-1n
AR 19. 1.00-17 10. 7.34-18 10, 4. X .1a
e 12. 0.62-18 15. 5.01-18 18. 2.63-18
ek 14. 6.96-18 20. 2.81-18 20 1.40-18
PN 18. 5.73-18 25. 1.74-18 2%. 8.13-19
18, 4.69-10 30. 1.22-18 50. 2.84-19
20 3.89-18 40. 7.96-19 100 1.04-19
5. 2.%53-18 30. $.86-19 125 7.44.30
$0. 9.59-19 5. 3.15-19 150 6.17-2n
e 5.26-19 100. 2.03-19 175. 6.92-70
100. 3.30-19 1%0 1.10-19 200 1.4%-19
Jo 150 1.73-19 200 1.73¢39 250 2.15-20
atoie 200 1.79-19 2%0. 3.76-20 300 1.%2.70
ft.cg 2%0 5.5%-20 300. 2.%6-20 400 8.90.71
e 300 3.66-20 400 1.38-20 500 5.75-71
580 2.57-20 580. 8.12-21 750, 2.4D.71
;::‘. 400. 1.88-20 750. 3.00-21 1000, 1.32-21
6o 500 8 an-21 1000 . 8.88-22 1250 8.23.2>
PP 600 3.38-21 1200. 1.85-22 1500 5 48.7>
JOUS: 700 1 67-21 1400, 2.83-23 1750 3.82.7>
ce- 2 800, 2.25-22 1600.  8.35-24 2000 2.18-25
2y 900. € 11-23 1800,  2.54-2¢ 2500 2.08-3y
3e-2 1006, 2 4z-24 2000. 2 20-26¢ 3000 3.06-74
;3:?: 3500 2.68.78
Note: “Energy (eV)" refers to secondary electron energy
and the MeV energies, atop the data columns, refer
to the incident H* energies.
Accuracy: The estimated uncertainty in these data is 20%
except near threshold (-10 eV) where it may be
higher.
Reference: These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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ENERGY

200.

1000

1290.
1500 .
1750.
2000.
2%00.

3000.
3%00.

1.5
MeV

S 04-18
5.10-10
4.08-18
e a7-18
4 12-10

3.5%5-18
? ne-1p
1.04-18
6 M-t 9
4.37-19

3.N0-19
2.18-19
1.25-19
8. .20-20
5.88-20

1.32-19
1.68-20
4,472y
1.83-21
1.01-21

6.36-22
4.38-22
3.22-22
2.43-22
1-51-22

7.32-23
1.29-23

Nc)t o0

Tabular Data I-2.1 (continued)

Single Differential Cross Section (Secondary

Electron Spectra) for HY + Ar Collisions

(Units of cm2/eV)

200.

500,

600 .
700.
800.
900 .
1000 .

12%0.
1500.
2000.
2500.
3000.

3500.
4000,
4500.

O e ey

anw

N A O~

PR L R

-SRIy

[ ORIV )

2.0
MeV

28-1R

L81-19
.92-19
L8719

0%.70

15-19

.37.50p

30.2n

.8%-on
LR Y

16-10

82-2n

06epn
N7.oe
943

563
86421

LAY R
12-2»

.80-5

40-5>
7%.5>
31-27
5222
93-51

L71-21
2123
.80-24

200.

S00.

1280

1500.

2000.
2500 .
3000.
3s500.
4000.

4500.
500,

S1-1a
88-19
88-10
06-19
$7.10

-

91.2p
78-2n
20-2n
53-3n
S.on

PR N Y

.68.2n
.23-2r
2.2
93-21
2% .2,

-a®~ o

L22-21
2724
.83-5>
7.9
17.2~

-,

.82-22
.21-22
14,0
1153
.06.23

RO

1.90-53

“Energy (eV)" refers to secondary electron energy

and the MeV energies, atop the data columns, refer
to the incicent H* energies.

Accuracy:

Reference:

The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be

higher.

Y E>R R

~ -

Nwo oo N ws -~ e

X R

3.67
MeV

87-19
S1-19
23-19
S6.19
.23-19

08-2n
82-2n
22-2¢
84.7n
68-on

?6-2n
08.2¢
1621

L9027

23-2+

96.21
72-2>
04-2>
33-27

L20.03

16222
.05.2%
42-2
.%2.-21
S15-23

.95.2y
.63-24
L0924

These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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03.1n

94.10
42-99

-03.19
.91 2n

.87.20

91-219
29.2n

.47-20
.37.2n

%0-20
1%5-2¢
14291
M.y

982

32-21

.90.22

94.7>
pé.2>
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14.27
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08-2x
4573
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Tabular Data I-2.1 {concluded)

Single Differential Cross Section (Secondary
Electron Soectra) for H' + Ar Collisions

(Units of cm?/eV)

Proton Energy (MeV)

0.3 0.4 0.5 4.2 5.0
2.64-17 $.) s.10-18
4.4%=12 3.4 3.09-10
2.41-11 8.2
2.21-17 [T []
1.08=17 40010 4.4)-10
1,907 .27-10 TR YY)
101037 J.e9-10 43010
1,701 1.70-30 4. 01210
L.81e17 1.40-17 1,093 3.e2-10 4,20-10
1.98=37 L.du=1? 1.09=17 3.09-14 4.1)=18
1.41-37 1.20-17 1.11=1? . e9=1w 3.T76-18
1.30-17 1.10=37 t.u21? 1.0)-10 J.e1-10
1.19=47 1.04=1 9,244 3. e1=18 2.96~10
1.09=11 loulel? 8.%-18 2.99-14 2.04=10
V.04 0. 71-18 T.04~18 d.00-18 1.90=18
[ISY 3V T. e.91~18 2.18-10 1.01-10
.38 .. S.67~18 1.98-18 1.39=10
8.03-18 ‘.. [N YD 1.20-40 9.78-19
30550 3. 3.24-10 (X 7.02-19
3.93-10 2.62-10 2.20-14 $.00-19 4,001
2.24-10 1.9%=18 1.67=18 1.e0-19 2.99+39
1.00=19 1.51=18 1.28=58 2.49-1y 2.2i-19
1.42<19 1.20=18 ¥.91-19 1.00-19 1.57=19
1.16=19 9. 71-19 v.00-19 1.48-19 1.40-19
9.0019 1,119 $.,47=39 3.29-19 1.03«19
T.12=19 0.06~19 [ ITIY] 9.26-2v 0.18-20
$.62-19 47419 3.00e)9 7.90-20 s.99-20
4. 3819 1. 12=19 3.04"19 $.24220
3.43-19 Z.97=19 2.30-19 4.71-20
2.84-19 2.29-19 1.70-1y . eee30
2.01=19 1.79=]19 1.4%=19 3.30-40
§.70-19 1.61429 L.14=19 2.00+20
1.84m18 1.1%«19 9.20-20 3.0%+20
1.42«\9 1.12=19 9,27=20 2.86+20
1.0120 €.45=20 6.8%<20 1.0140 6.13-21
4,03°20 4.30°20 J.38=20 S.07=21 5.90+31
. 4beqy 1.vw=40 2.34=-30 4.92-21 J.00-21
2.44=20 d.22=20 1.87=30 d.al=21 2.718-21
1.63-30 1.%u=20 1.20-20 2.87-21 2.09-21
1.01-30 11126 .a-01 1,752 1,402
3.62-3 8,281 $.01-21 1.30e21 1.12=28
3.44~2y 5.92=41 4.%99=-1 1.0%=21 9.30-22
7.13e27 ISPt 3,122y 1.00°22 8.39-22
1.00«22 1.30e4) 1.02=-21 $,04=22 d.01~22
€.32-2) D.2ved2 0.22-22 4.41-22 2.94-22
3.10-2) . 97=7) 3.39-22 ). 4422 2.40+22

Y. 202} 9.%%~2) 2.9)-22 1.90-32
1.63)=22 1.23~22
1.1122 7.9%~2)
2.20023 $.83+2)
$,%0=2) 9,10-2)
3.%0=23 3. 18423
2.42-23
1.00-2)
1.02=2)

Note: "Energy (eV)" refers to secondary electron energy.

Accuracy:

Reference:

The estimated uncertainty in these data is 20%
except near threshold (<10 eV) where it may be
higher.

These data were taken from M. E. Rudd, L. H. Toburen,
and N. Stolterfoht, Atomic Data and Nuclear Data
Tables 23, 405 (1979).
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Tabular Data I-3.1

Single Nifferential Cross Section (Secondary

Electron Spectral) for H + He Collisions

o]
(nits of m™/eV)

Electron 15 20 30 50 70 100 150
enerqy keV keV keV keV keV keV keV
“1.5  1.19-21  8.15-22 8.00-22 6.97-22 7.27-22 6.24-22 5.07-22
2.0 1.06-21 7.83-22 6.69-22 5.88-22 5.64-22 5.40-22 4.16-22
3.0 1.16-21 8.29-22 6.35-22 5.55-22 4.09-22 3.68-22 3.47-22
5.0 1.06-21 8.63-22 6.87-22 4.76-22 3.56-22 2.72-22 2.11-22
7.5 8.08-22 8.05-22 7.48-22 4.97-22 3.34-22 2.36-22 1.44-22
10.0 5.52-22 6.58-22 6.89-22 4.84-22 3.17-22 2.10-22 1.25-22
15.0  2.45-22 3.44-22 5.53-22 4.75-22 3.23-22 1.97-22 1.01-22
20.0 1.27-22 1.91-22 3.19-22 4.41-22 3.44-22 1.98-22 9.34-23
30.0 4.63-23 7.46-23 1.31-22 2.83-22 3.15-22 2.09-22 9.23-23
50.0 7.46-24 1.42-23 2.93-23 7.63-23 1.31-22 1,90-22 9.65-23
75.0 1.13-24 2.57-24 6.02-24 2.14-23 3.97-23 7.10-23 1.01-22
100.0  1.90-25 4.78-25 1.69-24 6.48-24 1.47-23 2.77-23 4.65-23
130.0 7.62-26 4.31-25 1.62-24 5.27-24 1.10-23 1.72-23
160.0 5.30-25 1.84-24 4.70-24 7.23-24
200.0 4.51-25 1.58-24 2.78-24
250.0 7.77-26 4.45-25 1.17-24
300.0 1.93-26  1.26-25 4.21-25
Accuracy: The guoted overall uncertainty is +17% above
30 keV increasing to +25% at 15 keV with
additional uncertainties for the lower electron
energies (<10 eV}.
Reference: The data were taken from M. E. Rudd, J. S. Risley,

J. Fryar, and R, C. Rolfes, Phys. Rev. A 21, 506

(1980).
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Graphical Data 1-3.2

21 _ 7 T T T T

0 \ H® +He ;
IE; | P > o~ D eV |

20 0

m2 / eV

—— e ——— e

LOG o~(E)

1 1 { d | | 1 " 4
i5 20 30 50 70 100 150

Ep keV

Single differential cross section (secondary electron
spectrum) for H° + He collisions. These data were
taken from M. £. Rudd, J. S. Risley, J. Fryar, and

R. G. Rolfes, Phys. Rev. A 21, 506 (1980).
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Comments and References

In addition to the data presented in this section, there is also
recent data on the energy and angular distribution of secondary elec-
trons (double differential cross sections) in several cases, but no
integration over the angle to obtain single differential cross sections
was reported. The systems studied are:

O+n(n = 4 - 8) + 0p; N. Stolterfoht, D. Schneider, D. Buren, H. Weiman,
and J. S. Risley, Phys. Rev. Lett. 33, 59 (1974).

He' + Ar; M. Sataka, X. Okuno, J. Urakwa, and N. Oda, in XI International
Conference on the Physics of Electronics and Atomic Collisions, Abstracts

of Papers (The Society for Atomic Collision Research, Japan, 1979), pp. 620-
621.

He' + Hep, He; N. Oda and F. Nishimura, in XI International Conference
on the Physics of Electronics and Atomic Collisions, Abstracts of Papers
{The Society for Atomic Collision Research, Japan, 1979), pp. 622-623.

He + He; J. Friar, M. E. Rudd, and J. S. Risley, in X International
Conference on the Physics of Electronic and Atomic Collisions, Abstracts
of Papers (Commissariat A L'Energie Atomique, Paris, 1977}, p. 984; and

M. E. Rudd, J. S. Risley, and J. Fryar, ibid., p. 986.

He+, He++ + He; Ne; Ar; L. H. Toburen and W. E. Wilson, in X International
Conference on the Physics of Electronic and Atomic Collisions, Abstracts of g
Rgpers<Ttommissariat A L'Energie Atomique, Paris, 1977), p. 1006.

¢t + He, Ne, Ar, CHgs; L. H. Toburen, in XI International Conference on
the Physics of Electronic and Atomic Collisions, Abstracts of Papers
(The Society for Atomic Collisions Research, Japan, 1979), pp. 630-631.

ctn (n=1-23) +Ar; L. H. Toburen, in Proceedings of the Fifth Conference
on the Use of Small Accelerators, IEEE Transactions on Nuclear Science
NS - 26 (1979) 1056,

O+, N+ + Ar; N. Stolterfoht and D. Schneider, in Proceedings of the Fifth

Conference on the Use of Small Accelerators, IEEE Transactions on Nuclear
Science NS-26 (1979) 1130.

Kr+n + Kr; Yu. S. Gordeev, P. H. Woerlee, H. de Waard, and F. W. Saris,

in XI International Conference on the Physics of Electronic and Atomic
Collisions, Abstracts of Papers (The Society for Atomic Collision Research,
Japan, 1979), pp. 746-747.

3217 l

i,




Li+ + He; A, Yagishita, H. Oomoto, K. Wakaya, H. Suzuki, and F. Koike,
J. Phys. B 11, L111 (1968).

Li+ + Ne; P. Bisgaard, J. @stgaard Olsen, and N. Andersen, J. Phys. B 13,
1403 (1980).

Ne't! {n =1-4) + He, Ne, Ar, Kr; P, H. Woerlee, 7. M, E1 Sherbini,
F. J. de Heer, and F. W. Saris, J. Phys. B 12, L235 (1979).

J. NUCLEAR DATA

{No new entries here. See Vol. V for data.)

3218




g gm ot

DISTRIBUTION

School of Physics
Georgia Institute of Technology
ATTN: Dr. E. W. McDaniel

K. J. McCann

Dr. F. L. Eisele

£. W. Thomas

Dr. W. M. Pope

Dr. M. R. Flannery
Atlanta, Georgia 30332

Joint Institute for Laboratory Astrophysics
University of Colorado
ATTN: J. W. Gallagher
J. R. Rumble
E. C. Beaty
Boulder, Colorado 80302

Eckerd College
ATTN: Dr. H. W. Ellis
St. Petersburg, Florida 33733

Physics Department
Georgia State University
ATTN: S. T. Manson
Atlanta, Georgia 30303

Dofense Technical Information Center
Cameron Station
Alexandria, Virginia 22314

Director

Ballisiic Missile Defense Advanced Technology Center

ATTN: ATC, Mr. J. D. Carlson
ATC-0, Mr. W. Davies
Mr. G. Sanmann
Mr. J. Hagefstration
-T, Dr. E. Wilkinson
-R, Mr. Don Schenk
P, 0. Box 1500
Huntsville, Alabama 35807

Neferse Adwenced Research Project
1400 Wilson Boulevard

ATTIN: jrector, Laser Division
Arlington, Virginia 22209

No. of
Copies

10

10

~

— e ot md

- — s e




Lawrence Livermore Laboratory
P. 0. Box 808
ATIN: Dr. Joe Fleck

Dr. John Emmet
Livermore, California 94550

Los Alamos Scientific Laboratory
P. 0. Box 1663

ATTN: Dr. Keith Boyer (MS 550)
Los Alamos, New Mexico 87544

Central Intelligence Agency
ATTIN:  Mr. Julian C. Nall (0SI/PSTD)
Washington, D.C. 20505

US Army Research Office

ATTN: Dr. Robert Lontz

P. 0. Box 12211

Research Triangle Park, North Carolina 27709

DRSMI-LP, Mr. Voigt

-R, Dr. McCorkie
-RR, Dr. Hartman
-RH, Or. Honeycutt
Mr. Cason
Dr. Roberts (Additional Distribution)
-RPR
-RPT, (Record Set)
-RPT, (Reference Copy)

No. of
Copies

£
o]
— ot (A () ) et mms — —






